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PRODUCTION OF ANTI-SELF ANTIBODIES FROM ANTIBODY SEGMENT REPERTOIRES AND 
DISPLAYED ON PHAGE 

This invention relates to the isolation of antibody 
molecules directed against self antigens, e.g. human 
5 antibodies directed against human self antigens. Phage 
display technology for selection of antibody molecules 
was described in WO92/01047, PCT/GB92/00883, 
PCT/GB92/01755 and GB9206372.6. The applicants have 
realised that antibodies directed against self antigens 
10 can be isolated using phage display technology. 

Human antiself antibodies are of particular value 
for in vivo therapeutic and diagnostic purposes, since 
they avoid the problems arising from the antigenicity of 
foreign, e.g. mouse antibodies. The most useful human 
15 antibodies for therapy are those directed against cell 
surface molecules, such as receptors, adhesins and 
integrins, and those directed against circulating 
biological effector molecules, such as hormones, growth 
factors and cytokines. It has been extremely difficult to 
20 obtain human antibodies against such self antigens. This 
invention provides a powerful way of obtaining such 
antibodies . 

It is a demanding task to isolate an antibody 
fragment with specificity against self antigen. Animals 
25 do not normally produce antibodies to self antigens, a 
phenomenon called tolerance (G.J.Nossal Science 245 
147-153, 1989). Autoimmune diseases may result from a 
breakdown in tolerance. In general, vaccination with a 
self antigen does not result in production of circulating 
30 antibodies. It is therefore difficult to raise 

antibodies to self antigens, particularly in humans. It 
is possible to raise antibodies that recognise human 
antigens in an animal such as a mouse, especially if the 
human antigen is not too closely related to any 
35 equivalent in the animal. If a human antibody is then 

required it is necessary to 'humanise' the antibody, e.g. 
by CDR grafting (patent GB2188638B). 

Phage antibody technology as described in 
(WO92/01047) offers the ability to isolate such human 
40 antibodies directly. In this application, we demonstrate 
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h ^ time th at antibodies against self -antigens 
for the first time tnai: derived from, for 

can be isolated from phage llbra ^ Q ^ braries prepare d 
example, nonimmunised sources and from Ixbrarie 
by recombination of^ene seguences ^ ^ 

5 preferabl. «^^^^„«p^« " 
with JL sequences. These anr fiino ie 
their entigen. This application shows ^ Qf 
libraries derived in this manner can act as a 
both foreign and self aniens an d opens u^tbe^ ^ 
10 of a large, universal library to xsora 

"disclosed in patent application W092/01047 
th at anXdy fragments can be displayed on * .surface 

^ 4-har thev will bind antigen, 
of bacteriophage and that they w ^ using ^ 

IS Antibody f regents can be directly 

that were difficult or impossible to isola P 

B ocular -Vnot 

rloec^ary il^-unie^unised.,, even 

been specifically im» 2 . n henyl-5-osasolone 

25 specificities for antigens such as 2 phenyl_ 

Z which humans will not normally be exposed^ 

In embodiment* of this invent^ o£ 
synthetic antibody repertoires derived fro ^ P 
^Lal. such as human, mouse, rat. 

30 horse or other, are displayed on the « ace =* » 
replicable genetic display package (rgdp and the 
ILificity for self is selected by binding to self 
specificity v gene repertoires are 

antigen. In this procea , 

oerived from V genes rearranged in_vitro or f^- 
x / o \ rparranaed V gene(s) . a Key 
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library may provide a source of specificities directed 

repertoires may be cloned in a single repHcon or a 
replicon format as described in WO92/01047 and 

rcT/ T 0 vTenes may be cloned inro tbe genetic materiel 
C tbe rgdp end expressed as sin g le ^J^^ 
single heavy chain variable domains, so called single 
domain Xigands or "dabs" (see WO90/01544,. or as 
a ssociated antibody heavy and light chain variable 

d0mai Tbe two domains could be displayed as separate 
peptide chains (UnKed as in Tab fragments through 
I covalent association of domains and/or 
bonds,, or as part of the same chain (single chain T. 
Segments where the «o domains are confined within 
same polypeptide chain). 

in WO92/01047 and examples 1 to 8 of this 
plication we have used fusion of antibody fragment to 
Z. 3 protein of filementous ~>*«°»~£j£~ 
and selection of antibody fragments. An alternative 
broach would be to fuse antibody fragments to gene B 
protein or other surface molecules of filamentous 

of human antibodies directed again, : human 

„ task There are only a limited 

^■Mrr^ns is a demanding tasK. Ailc:J - 

antigens a nimilatina human 

number of human antigens against ° ssent 
antibodies are naturally found. Antibodies a P 
directed against non-self antigens of human origin. 
; "tlbodies directed against human blood group B ^ ™° 
"dated from a phage display library prepared from 

srr -jzix ^ r-rjbiood _ 
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B antigen as foreign. aen eral method 

This invention is concerned with a gener 

circuiting autoantrhoares. It Is are 
30% of B lymphocytes In normal, healthy r ^ 

— *» -rr^tST --r, tha .natural 
Immunol. Today 7 363-364. 1986) es to 

r ST. - o - «M. lo« affinity ana 
therapeuta-c use as rney a 

• m Casali and A.L. Notkins Ann. Rev. 
polyreactive (P. Casaii anu Tmm , mo i Today 12 

17 515-531 1989; S. Avrameas Immunol. ioa y 
Immunol. 7 515 5JJ-, ^ ise in 

154-159). An inunune response against self c 
autoimmune disease or after infections ^ 
.oncclonal antihodies disease CK. 

James & G.u. ^ ^ a . if{c but may 

Th ese autoantibodies are f raauantly epa=lf - h 

bi nd to only a United range of epitopes on th 
(M . souanani et al Arthritis me 
The preparation of V gene antiboay may 

-thus lead to the isoxa^ aTV M_ s elf antibodies 

f roa autoantihoaies ^ ^^ilne aiseaaes. 
nigM b e isol- P receptor antihodies wouia 

froa the rgc ^ of myasthenia gxavrs patients. 
— - an sntmody fragaent spec - " ^ 

peroxidase has teen Butoimmme ais ease 

,, hrarv from a patient witn rnyiox . 
S Solano et al Bioohea. Biophys. Res- Coaaun. 179 
2 :;;:, 1991) . T his however reguirec , e^ans - 

— r r^aertr f^hyroia tissue, a 
aaaitxon th Uoable i„ W instances, 

^contrast ! the power of selection available usrng 
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the phage system, demonstrated in WO92/01047 allows the 
ready isolation of autoantibodies from the IgM mRNA of 
peripheral blood lymphocytes of a donor without disease. 
We show in example 2 that antibodies binding to human 
5 thyroglobulin (which can be found in the sera of people 
with or without symptomatic autoimmune disease), can be 
isolated from phage repertoires prepared from unimmunised 
humans. One would not expect necessarily to be able to 
obtain antibodies to human thyroglobulin by immunising a 
10 human with human thyroglobulin, notwithstanding the 

presence of thyroglobulin autoantibodies in many people. 
Autoantibodies against thyroglobulin in normal sera have 
been reported often to have a high degree of 
polyreactivity (S.Avrameas, 1991 supra). In contrast, 
15 those which are isolated using a method according to the 
present invention involving phage antibody technology, 
see example 2 for instance, are specific for 

thyroglobulin . 

in this application, we also demonstrate that even 
20 antibodies against human tumour necrosis factor-a can be 
isolated as described in example 1 from the same library 
as the antibodies directed against thyroglobulin. Many 
self antigens do not have detectable associated 
circulating autoantibodies. Further, example 3 shows the 
25 isolation of antibodies against the self antigens mucin, 
carcinoembryonic antigen (CEA) and CD4, antibodies to 
which have not been reported in normal sera. Moreover, 
these antibodies are specific, whereas there is often a 
high degree of polyreactivity in natural autoantibodies 
30 which can sometimes be found. The vast majority of self 
antigens do not have detectable associated circulating 
autoantibodies. Thus the isolation of antiself 
antibodies as described in this invention opens the 
prospect of the direct isolation of human antibodies 
35 binding to human antigens for a number of purposes such 
as antibodies which bind to circulating hormones to 
block, modify or potentiate their action or antibodies 
that bind to cell surface antigen for imaging or killing 
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for example of cancer cells. ^ ibute to 

The origin of the V genes that contribute 

^ deXetion or function^ inactlvat- <anergy, - 

seXf-reactive B tt-*^/ 0 -*^^^,^. 

337 562-566, 1989; C.C.Goodnow et aX Nature 3 
10 19 S 8; S.B.HartXey et ax ^ 353 76 - X M r 
' D .„.KusseXl et aX Kature^ * detectable 

case littie circuiating anti seir .„._, 

for most antigens. However, in the oase o ' 

functionally inactivated self-reactive cells fro^the 
15 ceXX Xineage persist in peripheraX Xymphoid organs 

Xeading to B oeXXs in circoXatiou ^ heavy 

lymphocytes with anti-seif specificity may prov 

antibodies with anti-seXf specif rci ties. A 
20 such anti-seXf specificities may anse from the 

^ n -v^ w n«F a VH domain wxtn a vl, 
oombination in the X* s no „ ally del eted if 

oomain to give ^ senatorial 

it occurs in nature, for uu.^ 

libraries and 'chain-shuffled' libraries such as 
libraries a _ W092/01047 may be a 

25 described in patent applications WOyz/ _ 

~ ar>-i-L-self antibodies . a 
particuXarXy rich source of anti self provid ed 
Lection procedure of great power, such es that pro 
by phage antibodies, is required to obtain such rare 

anti-self antibodies. f 
30 The degree of somatic mutation observed in entlseXf 

,-bodv fragments isolated by phage technoXogy m this 

rssrs— ~. - - r„r rr 
' =~ :::: t=SS"-=K= 
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technology will usually be a combination of VH and VL 

te °L oriain ally present in the B lymphocytes and 

domains not originally w- 

the power of phage technology, as described in 
application enables their isolation. 
, According to the present invention there is provided 

a method of obtaining a member of a specific 
(Shp member), which sbp member has an antigen binding 
site with binding specificity for an antigen which is 
self antigen of a species of mammal, the method 

10 comprising: 

(a) providing a library of replicable genetic 
display packages (rgdps). each rgdp displaying at 
its surface an sbp member, and each rgdp containing 
nucleic acid with seguence derived from said species 

15 of mammal and encoding a polypeptide chain which is 

a component part of the sbp member displayed at the 
surface of that rgdp; 

(b) selecting, by binding with said self 

one or more sbp members with binding specificity for 

20 said self antigen. 

The polypeptide component part encoded by the 
. nucleic acid in each rgdp may be a VH or VL domain of an 
antibody, or any part of an antibody which, either alone 
or in combination with one or more other component parts 

25 forms an antibody fragment which is capable of binding an 
antigen. Examples of polypeptide chains which may be 
used as component parts of an sbp member as described 
above therefore include, in addition to VH and VL 
domains. V L C L , V H C„1. scPv fragments. Fab fragments and 



30 so on. 



35 



Each said sbp member displayed at the surface of an 
rgdp may be an antibody fragment comprising a V H domain 

and a V T domain. 

Each antibody fragment may be a scFv fragment, a Fab 
fragment, a Fv fragment consisting of the V L 
domain of a single arm of an antibody, a single domain 
binding ligand consisting essentially of or comprising a 
heavy-Chain variable domain (Fd). or any other fragment 
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which has the capability of binding an epitope or 
a ° tlS "e step of providing a library of rgdps may 
uprise: ^ ^ chain 

component part of an sbp — r fused to 
of a rgdp which thereby displays said first 
polypeptide chain component part or population 
thereof at the surface of rgdps on expression in a 
r^mbinant host cell organism, or a population o 
such a first polypeptide chain component «-"*°"« 
« a said component of a rgdp, with (ii> a second 
polypeptide chain component part of an sbp member 
a population of such a second polypeptide chain 
component part, to form a library of sbp members 
displayed at the surface of rgdps; 

at least one of said first or second 
polypeptide chain component part or populations 
lZ,f being encoded by nucleic acid which is 
20 capable of being packaged using said component of en 

rgdp . 

The step of providing e library of rgdp may 

COmPriSet expressing in a recombinant host organism a 
25 first polypeptide chain component part of an sbp 

member or a population of such e first P°^P«-de 
chain component pert, fused to a component of an 
rgdp which thereby displsys said polypeptide ohein 
component part at the surfece of rgdpsr 

combining said first polypeptide chein 
component part or population with a second 
polypeptide chain component part of an sbp member 
a population of such a second polypeptide chain 
co^nent part, to form a library of 
disolaying an sbp member at its surface, at least 
one of said polypeptide chain component parts being 
exposed from nucleic acid which is capable of 
being pacxaged using said component of an rgdp. 
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Where the sbp member is an Fab fragment the first 
and second polypeptide chain component part may be a 
polypeptide consisting of a V L and a C L domain, and the 
second polypeptide chain component part a polypeptide 
5 consisting of a V H and a C H 1 domain. 

The combining of first and second polypeptide chain 
component parts or populations thereof may be at the 
nucleic acid level with expression vectors each having 
introduced therein a sequence encoding a first component 
10 part and a sequence encoding a sequence component part. 
On the other hand, the combining may be at the 
polypeptide level with first component parts not being 
expressed from the same vectors as second component 
parts, indeed, one or other of the first and second 
15 component parts may be provided as a soluble library. 
Details of various formats which may be employed are 
given in WO92/01047 and PCT/GB92/00883. 

The step of providing a library may comprise: 

combining (i) nucleic acid which encodes a 
20 first polypeptide chain component of an sbp member 

fused to a component of a rgdp or a population of 
such a first polypeptide chain component part fused 
to a component of a rgdp, with (ii) nucleic acid 
encoding a second polypeptide chain component part 
25 of an sbp member or a population thereof, to form a 

library of nucleic acid, nucleic acid of said 
library being capable of being packaged using said 
component of an rgdp; 

expressing in a recombinant host organism said 
30 first polypeptide chain component part fused to a 

component of a rgdp or population thereof and said 
second polypeptide chain component part of an sbp 
member or a population thereof, to produce a library 
of rgdps each displaying at its surface an sbp 
35 member and containing nucleic acid encoding a first 

and a second polypeptide chain component part of the 
sbp member displayed at its surface. 
Readers are urged to consult W092/01047, in 
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w Hot-ails of any method described 
particular, if further details ot a y 

herein are desired. inve ntion both 

In one ^^^^ comp0 nent parts or 
firs t and second P™^^ f _ nucleic acid 
5 populations thereof are expres of an 

capable of being packaged using said co p 
rg P d p. This might be when the — Lid sbp 
form a Fab fragment or, more usually, w^ ^ 
me mber displayed at the surface of an rgdp 

10 antibody fra ^' ^ said secon d polypeptide 

in one embodiment, eacn sai 

na rt or population thereof may be 
chain component part or pop nucleic acid 

^ SSe ? 0 ^^ chain component part or 
from which said first poiypep nuc i e ic acid 

separate from «so that. ^ the 

20 produced- Alternatively, . on a 

first polypeptide chain <*~°^ ^J^L, aoia uh ich 
different expression vector from the nucleic 
Lodes a second polypeptide are 
. first end second polypeptide t they My 

25 both encoded on the same domain l8 

te expressed as scFv fragments, where a 
joined to a VL domain by a polypeptide linker, 

^ch scFv is a single -<*W«* ^surface of an rgdp 
Each sbp member displayed at the surta 

an Fab antibody fragment. 
30 is an derived from, e.g. 

The nucleic acid may be derive example 
rearranged V genes of. an unimmuni sed mamm 1 - 

a mouse, rat. -^^for ~ is human, since 
35 ST -TSL* bodies which recognise 

tie. bind ^-^er^Tiibrary 
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gene segments, which may be germ-line V-gene sequences. 
The library may be totally synthetic. 

Sbp members selected in (b) displayed at the surface 
of rgdps may be selected or screened to provide an 
5 individual sbp member or a mixed population of - sbp 
members associated in their respective rgdps -th -oleic 
acid encoding said sbp member or a polypeptxde chaxn 
thereof. Rgop Phage displaying sbp «^ " 
(b) may be grown to increase their numbers before any 
10 ubseguent further selection or screening. Nucleic acid 
which encodes a selected or screened sbp — ^oTT 
is derived from an rgdp which displays at its surface a 
selected or screened sbp member may be used to express an 
sbp member or a fragment of derivative thereof xn a 

15 recombinant host organism. whare in 
The present invention encompasses any method wherein 
nucleic acid from one or more rgdps selected from the 
library by binding with a self antigen is taxen and used 
to provide encoding nucleic acid in a further method 

20 (according to any embodiment of the present invention or 
not) to obtain an individual sbp member or a mixed 
population of sbp members, or encoding nucleic add 

therefor. selected sbp member, may 

The expression end product, seiecrea s y 

7* be modified to produce a derivative thereof. 

Tne expression end product or derivative thereof may 
be used to prepare a therapeutic or prophylactic 
medicament or a diagnostic product. 

The present invention also encompasses antibody 
30 fragments, derivatives thereof, including whole 

ant!bodies and fusions with enzymes, obtained using any 
me thod described herein according to the present 
invention. 

According to an aspect of the present invention. 
35 there is provided use. in any method according to any 
35 J^iment of the present invention descrihed herein of 
a kit comprising a library of vectors each comprising 
nucieic acid which is capebie of being packaged in rgdps 
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and which encode a polypeptide chain component part of 
an antibody for display et the surface of rgdps. 

Tnere is also provided by the present invention use. 
in any method according to any e^hodieent of the present 
5 invention described herein, of a Kit prising a library 
of rgdps each containing nucleic acid encoding at least 
one polypeptide chain component part of an antibody. 

^present invention provides generally a method 
for producing a replicable genetic display pacfcage 
10 (rgdps) or population of such rgdps. which method 
comprises the steps of: 

fal inserting a nucleotide sequence encoding a 

hindil g moTecul. which is a member of e 
pair and an anti-self antibody, within a vxral genome_ 
15 (b , culturing the virus containing said nucleotxde 

seguence so that said binding molecule is expressed and 
displayed by the virus at its surface. 

The present invention also provides a method for 
selecting e rgdp specific for a particular self -antigen 
20 epitope which comprises producing a population of such 
^s end the additional step of selecting for sard 
Joeing molecule which is an anti-self antibody by 
contacting the population with said epitope so that 
individual rgdps with the desired specificity may bind to 
25 sa^d epitope The method may comprise one or more of the 
additional steps of: (i) seperating any bound rgdps from 
the epitope; (ii) recovering any separated rgdPsand 
(iii, using the inserted nucleotide seguences from any 
separated rgdps in a recombinant system to produce the 
sap _ the virus. The selection 

30 binding molecule separate from the viru 

step may isolate the nucleotide sequence encoding the 
Suing molecule of desired specificity, by virtue of 
s2d binding molecule being expressed in association with 
^e surface of the virus in which said encoding nucleic 

35 acid is contained. 

The present invention also provides a method of 
producing a multlmerib member of a specific binding pair 
(Sbp) which is an anti-self antibody, which method 
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comprises : 

expressing in a recombinant host organism a first 
polypeptide chain of said sbp member or a genetically 
diverse population of said sbp member fused to a 
5 component of a secreted replicable genetic display 

package (rgdp) which thereby displays said polypeptide at 
the surface of the package, and expressing in a 
recombinant host organism a second polypeptide chain of 
said multimer and causing or allowing the polypeptide 

10 chains come together to form said multimer as part of 

said rgdp at least one of said polypeptide chains being 
expressed from nucleic acid that is capable of being 
packaged using said component therefor, whereby the 
genetic material of each said rgdp encodes a said 

15 polypeptide chain. 

Both said chains may be expressed in the same host 

organism. 

The first and second chains of said multimer may be 
expressed as separate chains from a single vector 
20 containing their respective nucleic acid. 

At least one of said polypeptide chains (or 
polypeptide chain component parts) may be expressed from 

a phage vector. 

At least one of said polypeptide chains may be 
25 expressed from a phagemid vector, the method including 
using a helper phage, or a plasmid expressing 
complementing phage genes, to help package said phagemid 
genome, and said component of the rgdp is a capsid 
protein therefor. The capsid protein may be absent, 
30 defective or conditionally defective in the helper phage. 

The method may comprise introducing a vector capable 
of expressing said first polypeptide chain, into a host 
organism which expresses said second polypeptide chain in 
free form, or introducing a vector capable of expressing 
35 said second polypeptide in free form into a host organism 
which expresses said first polypeptide chain. 

Each of the polypeptide chain may be expressed from 
nucleic acid which is capable of being packaged as a rgdp 
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■ na said component fusion product, whereby encoding 
^eic acid for both said polypeptide Cains are 
packaged in respective r*>ps obsenca o£ the 

The fusions may be expressea x 
5 rgdp display component, perhaps capsid, expressed m 

Mild T cl^d protein »ay he ahsent. defective or 
conditionally defective in the heiper P"»» e - 

10 introduces genetic diversity i 

^'The rgdp -ay he a hacteriophage. the host a 
hactelil, and said component of the rgdp a capsid 
rein for the hacterophage. the 

class I Phages fd M13 n. may he fd or 

d-s XI Phages xf, Pfl • „ ay tetracycline 

3 "ST \Z "Id shp -ember or polypeptide chain 
resistant. The sa nI 
hereof may he -pressed as a ^ anothet 

capsid protein of phage fd or its co ™ chain 

. The gfap member or polypep-ci"« 

fil amentous » N . tarminal re gion of the 

thereof may be insertea i „™ t ory leader 

„ature capsid protein ^^J^J^Z^ acid 
peptide. The seguence may ^^tr insertion .ay be 

^ r *i- each end of the nucleic acid to be 
which occur at eacn eiiu. 



15 



20 



25 



30 



inserted. 

The host may be E.coli 



35 



The host may be E.coiJ.. 

^ acid ^^^rrs^ 

be linKed downstream to a viral capsid P 

expressible ~ ^ proteins 

^prising sop -amber polypeptide and viral 

- - sop — fo^raTdiscessed 

Selection systems and assay lorm 
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elsewhere in this text. In these systems and formats, 
the gene sequence encoding the binding molecule {eg. the 
antibody) of desired specificity is separated from a 
general population of rgdps having a range of specifies, 
by the fact of its binding to a specific target (eg the 
antigen or epitope). Thus the rgdps formed by said 
expression may be selected or screened to provide an 
individual sbp member or a selected mixed population of 
said sbp members associated in their respective rgdps 
with nucleic acid encoding said sbp member or a 
polypeptide chain thereof. The rgdps may be selected by 
affinity with a member complementary to said sbp member. 

Any rgdps bound to said second member may be 
recovered by washing with an eluant. The washing 
15 conditions may be varied in order to obtain rgdps with 
different binding affinities for said epitope. 
Alternatively, to obtain eg high affinity rgdps, the 
complementary member (eg an epitope) may be presented to 
the population of rgdps (eg pAbs) already bound to a 
20 binding member in which case pAbs with a higher affinity 
for the epitope will displace the already bound binding 
member. Thus the eluant may contain a molecule which 
competes with said rgdp for binding to the complementary 
sbp member. The rgdp may be applied to said 
25 complementary sbp member in the presence of a molecule 
which competes with said package for binding to said 
complementary sbp member. Nucleic acid derived from a 
selected or screened rgdp may be used to express said sbp 
member or a fragment or derivative thereof in a 
30 recombinant host organism. Nucleic acid from one or more 
rgdps may be taken and used to provide encoding nucleic 
acid in a further said method to obtain an individual sbp 
member or a mixed population of sbp members, or encoding 
nucleic acid therefor. The expression end product may be 
35 modified to produce a derivative thereof. 

A preferred source for the generation of diverse 
libraries from unimmunised humans is IgM mRNA. It is was 
found in example 43 of WO92/01047 that antibody fragments 
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erected against turkey egg lysosy^ and 

2- P henyl-5-osasolone were much mere resdxly 

\ hage library derived from the from IgG 

— -an "^^re^r^ng 

5 mRNA. Furthermore, no 2-phenyl llbrary of 

entity rreg-ents could * **~^L ^ - 
2000000 phage antibedy clones prepared from Ig 

— — <T - C i a T« 3 "'r^px cation show 
624-628.1991). Examples 1 to 3 of this PP 

10 the isolation of antibodies specific for self antige 

Lm the XgM library. Although in ^ 
antiself specificities have been selected as sing 
„ fragments in a single replicon format, antibody 

,/i h= elected as Fab fragments m a 
specificities could be «-^ d combinatoria l, dual 

15 single replicon format or in a dual co 

replicon format (Hoogenboom et al. 1991 supra* for 
Stance using recombination with the loxP system 

(PCT/GB92/00883), enriched 
Phage libraries may be prepared which are enri 
*i* s directed against self. B lymphocytes 
20 for antibodies directea ag stimulation 
express surface IgM and surface IgD before st** 
with antigen but express little soluble IgM or IgD. 
wiT-ii o » „ , ^ m «-r-o 1 ikelv to contain 

These unstimulated cells are more likely 

25 ^re io re antibodies express little surface 

rrglobulin. T he preparation of ^Jor p.age ^ 
library preparation u.lng Pr^rs -cK . p^ ^ 
surface IgM or surface IgD will p ed genes 

30 antibody genes enriched for^ = . --^ ^ 
encoding V domains- In B xympn * 
f unctionally silenced by ensure to^se the- ~ 
greatly reduced levels of surface Ig 
le vels of surface IgD (C.C.Ooodnow et al. 
35 a primer specific for surface IgD may 
suitable for isolation of anti-eelf 

However as demonstrated in this application, Ig» 
However, as blood lymphocytes is one 

mRNA from unselected peripheral blooa 
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preferred source of V genes for antiself specificities. 
Other sources of such anti-self antibodies may be fetal 
mRNA or cord blood mRNA (P.M.Lydyard et al Scand J 
Immunol 31 33-43, 1990). 

5 There is the potential for making repertoires for 

phage display using the original combination of VH and VL 
domains by the use of PCR and linkage of the genes 
encoding them within cells expressing these domains. The 
principle of 'In cell PCR', where the original VH/VL 

10 pairing is maintained, was demonstrated in PCT/GB92/01483 
and described in Embleton et al in Nucleic Acids Res., 
20, 3831-3837, 1992. This may be particularly useful if 
lymphocytes can be selected at a stage before the 
deletion of clones expressing anti-self antibodies. 

15 in one embodiment of this invention, V gene 

sequences, or even libraries prepared by the synthetic 
recombination of V, D and J segments may be used. These 
act as a rich source of anti-self antibodies. in 
examples 5 to 7, we demonstrate that anti-self 

20 specificities against TNF, human anti-rhesus D antibody 
(0AK3) and human thyroglobulin can be isolated from a 
phage antibody library prepared by the synthetic joining 
of V. D and J segments. The use of germ line V genes for 
this purpose, as shown in examples 5 to 7, should be 

25 valuable for the isolation of anti-self antibodies as 
there is some evidence that B lymphocytes directed 
against soluble self antigens are functionally silenced 
and those directed against multivalent membrane bound 
self antigen are eliminated (S.B.Hartley et al supra; 

30 D.M.Russell et al, supra). Thus, the use of synthetic 
libraries made by VH, DH, JH or VK,JK or VL,JL 
recombination in vitro or its equivalent may be 
particularly advantageous for isolation of antibodies 
directed against multivalent membrane bound self 

35 antigens. 

In examples 5 to 7 we have used synthetic VH CDR3 
segments incorporating sequences of random bases at the 
V-D-J joining region and linked them to germ line VH gene 
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. ,,,. 0 A such as making 
nthpr strategies may be usea suca a 
segments^ Other str 9 ^ ^ ^ 

each of the CDR loop * structu res (C. Chothia et 

CDR loops of known canonical struc 

oao B77-893 1989) and incorporating t« 
al, Nature 342 877-syd, j.»o 

The aerm line nature or tne 
5 sequence elements. The germ of spec ific or 

segments could be altered by incorporation of 

^™ alterations to the sequence or by using 
random alteration* strategy used in 

statically -tat* v gene ■ W 

samples 5 to 7 has the advantage that the lo P 

presumably evolved for stability ana to 
attribution ana range of binding ^ZZr L frameworK 
„ match the atruoture of antigen. 

regions and first two hypervariable loops of 

J llg- chains of the -nthetlc = antibodie ~ 

— y to he Identical ess immunogenic 

Such synthetic human antibodies couia 

20 than entirely ^^^^tive to the . 

A further but less preferred . would 

s^e natural and synthetic phage display 
- - prepare random mntagenesia J*"^ 
phage, derived from one or a f ew n 

25 and selecting anti-self antigen specificities 

SELECTION 

rnaividual rgdps eg pAbs expressing the desired 
,-lficitv for an antigen, can be isolated from a 
specficity for screening techniques (e.g. 

30 lihrary using tfceoonv q _ ^ sup „ 

as described in Harlow, a. , p 61-68). 
rherardi E et al. 1990. J. Immunol, meth. 126 po 

pAb s as an example type of rgdp. 

The population/library of pAbs to be scree 
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be generated from immunised or other animals; or be 
created in vitro by mutagenising pre-existing phage 
antibodies (using techniques well-Known in the art such 
as oligonucleotide directed mutagenesis (Sambrook, J 

5 a i 1989 Molecular Cloning a Laboratory Manual, Cold 
Spring Harbor Laboratory Press) but are preferably 
derived from unimmunised humans or artificxal 
recombination of human V segments, as described 
elsewhere. This population can be screened in one or 

10 more of the formats described below with 

Figure 5, to derive those individual pAbs whose antxgen 
binding properties are different from sample c. 

Binding Elution 

Figure 5(1) shows antigen (ag) bound to a solxd 
15 surface (s) the solid surface (.) may be provided by a 

petri dish, chromatography beads, magnetic beads and the 
like. The population/library of pAbs is then passed over 
the ag, and those individuals p that bind are retaxned 
after washing, and optionally detected with 
20 system d. A detection system based 

may be used (see, for instance, Example 4 of WO92/01047) 
If samples of bound population p are removed under 
increasingly stringent conditions, the binding *«-xty 
represented in each sample will increase. Condxtxons of 
25 increased stringency can be obtained, for example, by 

increasing the time of soaking or changing the P H of the 
soak solution, etc, 

g£SBS ^r^ to figure 5<ii> antigen ag can be bound to 
a solid support s and bound to saturation by 
binding molecule c. If a population of mutant pAb (or 
set of unrelated pAbs) is offered to the complex, only 
those that have higher affinity for antigen ag than o 
will bind, m most examples, only a minority of 
population c will be displaoed by individuals from 
population p. If = is a traditional antibody — 
all bound material can be recovered and bound p recovered 
by infecting suitable bacteria and/or by use of standard 
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techniques such as PCR. 

ta advantageous application s where ^J^, 

bound population p is then reiarea 

5 1^ -w- - - 

specificity is known to be very useful in the 

pharmaceutical industry Khere ag i3 an 
Another advantageous application i 

Serous uses in research and the diagnostic and 

pharmaceutical Industries. , lrectly for 

At present it is difficult to select directly f 

oibs would give the ability to 
anti-idiotype antibodies. pAbs wou g 

15 ao this directly by binding pAb J on ^ 

library) to B cells (which express antibodies o 
^rface and isolating those phage that bound well. 

in some instances it may prove advantageous to pre 
select population p. For example, in 

, 9hn ™ o can be absorbed against a related 
20 example above, p can «e 

-r r ~ r." trs; or b0 th c - , 

However, it c is a v*™, 

-d Pt al 1985, Nucl. Acids Res. 13 , 
Tld o!c are Luted from the antigen and used to 
30 When bound p+c elut restric tioh (end thus 

infect suitable bacteria, there is ^ 

no growth, of « ( ^ that greM . would be 

ceteris in this erne-Pie W M ^ ? ^ higher 

greatly enriched for *~V genetic marking 

35 binding affinities. " terMtlV ^ y ' s ' ences, which 
he achieved by marking p with new sequence 
can Z ufea to specifically amplify P «- the mixture 
using PCR* 
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Since the bound pAbs can be amplified using for 
example PGR or bacterial infection, it is also possible 
to rescue the desired specificity even when insufficient 
individuals are bound to allow detection via conventional 

5 techniques . 

The preferred method for selection of a phage 
displaying a protein molecule with a desired specificity 
or affinity will often be elution from an affinity matrix 
with a ligand. Thus, self antigen or fragments thereof 
10 may be used to elute specific phage antibodies from self 
antigen bound to a matrix. Alternatively, the homologous 
antigen from a different species may be bound to a 
matrix, a phage antibody library bound, and phage 
antibodies specific for the self antigen may be eluted 
15 using self antigen. For instance, a bovine antigen may 
be bound to the matrix, a human phage antibody library 
bound and human antigen used for elution. Antiself 
antibodies thus isolated will be specific for epitopes 
shared between the bovine and human antigens. A further 
20 but less preferred alternative may be to bind the phage 
non-specifically to a column and elute with self antigen. 
For instance, if a Fab phage library is bound to an anti- 
Fab affinity column, it may be washed at a P H which does 
not elute non-specific phage and then washed with 
25 solution which is the same except it contains self 

antigen, eluting by virtue of the higher affinity for the 
mobile phase of phage expressing antibodies against the 

self antigen. 

For each of these formats elution with increasing 

30 concentrations of ligand should elute phage displaying 

binding molecules of increasing affinity. However, when 
eg a pAb binds to its antigen with high affinity or 
avidity (or another protein to its binding partner) it 
may not be possible to elute the pAb from an affinity 

35 matrix with molecule related to the antigen. 

Alternatively, there may be no suitable specific eluting 
molecule that can be prepared in sufficiently high 
concentration. In these cases it is necessary to use an 
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5 (Rossomando, *7 inter act ions between eg antibodies 

iQfifn There may be interaction .+.*.«•!+■ 
! matrices which cannot be disrupted wxthout 

and affinity maxri^« i-hese cases a 

.nmnletelv removing phage infectxvxty. In these ca 

ttnod Is required to elute phage which does not rely on 
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This elution procedure is just one example of an 
elution procedure under mild conditions. A particularly 
advantageous method would be to introduce a nucleotide 
sequence encoding amino acids constituting a recognition 
5 site for cleavage by a highly specific protease between 
the foreign gene inserted, in this instance a gene for an 
antibody fragment, and the sequence of the remainder of 
gene III. Examples of such highly specific proteases are 
Factor X and thrombin. After binding of the phage to an 
10 affinity matrix and elution to remove non-specific 

binding phage and weak binding phage, the strongly bound 
phage would be removed by washing the column with 
protease under conditions suitable for digestion at the 
cleavage site. This would cleave the antibody fragment 
15 from the phage particle eluting the phage. These phage 
would be expected to be infective, since the only 
protease site should be the one specifically introduced. 
Strongly binding phage could then be recovered by 
infecting eg. E.coli TGI cells. 
20 An alternative procedure to the above is to take the 

affinity matrix which has retained the strongly bound pAb 
and extract the DNA, for example by boiling in SDS 
solution. Extracted DNA can then be used to directly 
transform E.coli host cells or alternatively the antibody 
25 encoding sequences can be amplified, for example using 

PCR with suitable primers such as those disclosed herein, 
and then inserted into a vector for expression as a 
soluble antibody for further study or a pAb for further 
rounds of selection. 
30 Another preferred method for selection according to 

affinity would be by binding to an affinity matrix 
containing low amounts of ligand. 

If one wishes to select from a population of phages 
displaying a protein molecule with a high affinity for 
35 its ligand, a preferred strategy is to bind a population 
of phage to an affinity matrix which contains a low 
amount of ligand. There is competition between phage, 
displaying high affinity and low affinity proteins, for 
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binning to the ligand on the matrix. Phage ««™ 
4h affinity protein is preferentially bound ana low 
trinity protein is washed away. The high affmrty 
prowls then recovered hy eXution with the ligand or 
5 by other procedures which elute the phage from the 

affinity matrix (sample 35 of W092/01047 demonstrates 

this procedure) d ^ 

In summary then, for recovery « *- 

from the affinity step, the package can he simply elated, 
10 it can be eluted in the presence of a homologous sbp 

Iber which competes with said package for 

complementary sbp member; it could be removed by boxlrng. 

it could be removed by proteolytic cleavage of the 

protein; and other methods will be apparent to those 
15 skilled in the art eg. destroying the link between the 
" substrate and complementary sbp member to -lease said 

packaged DNA and sbp member. At any rate the objective 
. L to obtain the DNA from the package so that it can be 

used directly or indirectly, to express the sbp member 

20 encoded thereby. n . h<5 
The efficiency of this selection procedure for pAbs 
and the ability to create very large libraries means that 
the immunisation techniques developed to increase the 
proportion of screened cells producing antibodres of 

25 interest will not be an absolute retirement. The 
technique allows the rapid isolation of binding 
aptciflcities eg antigen-binding specificities including 

i/i rH fficult or even unobtainable by 
■those that would be dif ticuxx; <->■>- 

conventional techniques, for example, catalytic - 
30 idiotypic antibodies. ££Z 
is now possible, once a complete library 
repertoire has been constructed. 

M^ a ti 0 ns of ^h»dies to self antigens 

35 Human antibodies to cell surface components The 

isolation of such antibody specificities would be 
particularly useful for preparing agents whxch medxate 
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cell killing for instance of cancer cells, for example 
using the natural effector function of antibodies. 
Anti-self antibodies may also be valuable in the 
preparation of diagnostic in vivo imaging reagents, for 
5 instance using radioisotopes. 

Antibodies directed against cell surface components 
of specific T-cell subsets could be used therapeutically 
(D Wraith et al Cell 57 709-715,1989; L.Steinman and 
R.Mantegazza FASEB J. 4 2726-2731,1990), for instance to 
10 prevent T cell action causing rheumatoid arthritis. 

»» ma „ ^bodies modifyinn the function of self molecules 

Antibodies can be isolated which modify the action 
of self molecules such as hormones, growth factors and 
15 receptors through their binding to a specific epitope on 
the molecule. Multifunctional proteins may have both 
desirable and undesirable characteristics, particularly 
.if they are used therapeutically. For instance, the 
lyraphokine TNF (tumour necrosis factor) binds to, at 
20 least two different classes of cell receptors- one 

commonly found on vascular endothelial cells, the other 
commonly found on tumour cells. A mouse antibody to TNF 
has been made which prevents TNF from binding to 
endothelial cell receptors while still allowing it to 
25 bind to tumour cells thus allowing attack on the tumours 
without toxic side effects mediated through endothelial 
cells (Patent application PCT/AU90/00337 ) . For 
therapeutic use of antibody modifiers of hormone or 
growth factor molecules, it would be preferable to have a 
30 human antibody specificity isolated directly through 
selection from a phage library. 

Human anti-idiotypes 

Anti-idiotype antibodies (antibodies directed 
35 against the antigen combining sites formed by the 

variable domains of human antibodies ) are conventionally 
made by isolating an antibody against an antigen and then 
using this isolated antibody as an immunogen to raise 
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ft If the original antibody 
antibodies directed against xt. t a 
is directed against a hormone or growth factor, the 
: e iatl"shtp between antigen and antibody combining sxtes 
^ans that the anti-idiotype may mimic in some aspects 
r hormone or growth factor and bind to the receptor 
for these molecules. However, the fract " the 
anti-idiotype anybodies able to mimic the bxnding of 
aivcx xvi j-w z*< 0¥n pcted to be small, 

hormone to the receptor would be expec tea * 
Furthermore, the deletion of antiself lymphocytes wouV 
B ean that using the conventional route to antiidiotypes 
„ould be difficult for the isolation of human 
anti-idiotype antibodies Voicing molecules binding 
human receptors. In this application we show «•* 
antibodies directed against the antigen «-££^ fc . 
formed by the variable domain of ^/"f^^^L 
directly isolated from phage antibody display libraries, 
as shoJ in examples 1 and .4. and it shoulc ^ 
possible to identify the anti-idiotypic antrbodres 
Licking the binding of the hormone directly by 

screening for binding to the receptor. 

Antiidiotypes may also be useful for the «ea«ent 
o£ autoimmune disease. They could be used to bind 
circulating autoantibodies. However, it may be 
parable to attack directly antibody producing calls- 
Z instance using a bispecific antibody directed against 
a cell surface marker as well as an anti-idiotype 
specificity. Alternatively, plasmapheresis could be used 
rremove^irculating antibody and the cells treated 
directly. 



„ntibodies against receptors bloolc ing or 

Human antibodies that bind to receptors, "locking 
■ antagonising ligand function could be selected directly 
froTa phage library displaying antibodies derived from 
35 an unimmunised donor- 

aaanjntibo^^ 

^bodies directed against the major 
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histocompatibility complex proteins could be used to 
treat patients following transplants, or organs prior to 
transplantation, in order to prevent rejection. 
Antibodies directed against several lymphocyte cell 
surface markers have been used for the prevention of 
rejection in transplants e.g. CD45, CD3, CD4, CDS and 
interleukin-2 receptor. Example 3 shows that human 
antibodies against CD4 can be directly isolated from 
phage display libraries. 



Human antibodies against cy tokines 

Human antibodies against cytokines would be valuable 
for treatment of human disease, for example of septic 
shock with anti-TNF and anti-interleukin 1 antibodies. 

15 Examples 1 and 6 show that human antibodies against TNF 
can be isolated directly from phage antibody libraries 
derived from unimmunised humans or the synthetic 
recombination of V,D and J fragments. In many cases 
these cytokine molecules are strongly conserved between 

20 species, for instance transforming growth f actor- p 
{TGF-0), and it has proved difficult to isolate 
antibodies directed against the human molecule even in 
mice. The isolation of human anti-self antibodies as 
described in this invention provides a method of 

25 obtaining human antibodies with such a specificity. 

Human antibodies for diagnosis and treat ment of cardiac 
disorders 

Human antibodies against clot components e.g. 
30 fibrin, would be useful for imaging clots when labelled 
with radioactivity or for dissolving clots, if for 
example linked to a clot dissolving enzyme such as 
urokinase. 

35 Antibodies triggering recept or function 

Antibodies may be selected that bind to a cell 
receptor and trigger a biological response in the cell. 
This is described in more detail below and in Example 8 
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describes the isolation of such antibodies. 

By cycles of growth and selection, those rgd ps 
binding Z the cell receptors are isolated a- of 
these rgdps encode binding specificities with the 
these rgp combin ation with other binding 

a^lficities are tested alone, or in combination, for 
triaoering the cell receptors. 

There are a variety of cell receptors in whxch the 
binding of e ligand. for example hormone, growth factor, . 
bxnaing biological event, for example the 

e^ple by using cells displaying the cell reeep~ r^or 
using soluble receptor immobilised on solxd phase, 
nain, domains or peptide epitopes of the rece «»• 
^Jiy the receptor would be provided in a orosslmXed 
.as reouired for its triggering), 
rigging of receptors at the cell surface often 
seems to involve the relative movement of P™ or 
S ubunits. For example, in the neurotrensmrtter-gated 
receptors, the five subunits that are arranged 
™trically in the membrane place, delineate an ron 
symmetrically in the neurotransmitter 

pathway down the centre. Binding of the neuro 
Is thought to alter the size of the central ion channel 
^ causing small rearrangements between the subum ts in 
!l Ulcsteric transition. For tyrosine Kinase receptors, 
"e "gaud appears to drive receptor oligomerisation. 
^antibodies with binding specificities directed 
against a receptor may have the potential u > promos en 
allosteric change or to promote oligomensation. The 
^gomerisation of the receptors may also be promoted by 
using bivalent or bispecific antibodies. 

The solubie antibodies or antibody fragments may be 
mo novalent fragments, for exemple, single chain Fv 
fragments or Fab fragments, or bivalent fregments. for 
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example, Fab 2 or complete antibody fragments. The 
bivalency could also be promoted in other ways, for 
example (1) by encoding a tag, such as a peptide or 
protein (for example, the subunit of a dimeric protein) 
5 that self associates, at the N or C-terminus of the 

monomer ic fragment, (2) using a bivalent antibody that 
binds to the monovalent fragment, for example, to a 
common C-terminal tag, or to an antibody constant domain 
(3) chemical cross-linking. 
10 ' Bispecifio antibody or bispecif ic fragments could 
also be made as for the bivalent fragments. (For 
expression of the bispecific antibody or fragment in the 
same cell, the genes encoding both specificities would 
need to be introduced together). The different antibody 
15 "arras" could be directed against the same receptor, for 
example to different epitopes, or to two different 
receptors (to trigger hybrid receptors). 

The direct isolation of anti-self antibodies from 
phage libraries as described in this invention is 
20 important to allow a large number of antibodies to be 
surveyed for these triggering receptors. 

It is appropriate to distinguish the making of 
antibodies to trigger receptors as is described here and 
provided as an aspect of the present invention from the 
25 "anti-idiotypic route" in which specific antibodies 

raised in an animal, including man, by vaccinating the 
said animal with a specific antigen are themselves used 
to vaccinate another animal, new antibodies termed anti- 
idiotypic antibodies (Anti-Ids) being produced able to 
30 recognise and bind to the first set of antibodies. Some 
species of these Anti-Ids are able to mimic the specific 
biological properties of the original antigen. If for 
example, the antigen were a peptide hormone or a cell 
receptor, the Anti-Id to the hormone or cell receptor 
35 antigen is able to elicit a response of the cell (See 

Gaulton, G.N. and Greane, M.I., 1986. Idiotypic mimicry 
of biological receptors. Ann. Rev. Immunol. 4,253-280; 
Sege, K. and Peterson, P.A., 1978. Use of anti- 
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idiotypic antibodies as cell surface receptor probes. 
Proc Natl. Acad. Sci. Usa. 75, 2443-2447 for examples). 

The essence of current teaching of Anti-Ids as 
mimics of antigens is that they are produced as a result 
5 of constructing antibodies to antibodies of the orxgxnal 
" antigen. There is however, some controversy over whether 
such anti-idiotypes accurately mimic the original antigen 
(S J. Davis et al Nature 358 76-79, 1992). 

There is therefore a clear distinction between 
10 antibodies prepared by an anti-idiotypic route that mxmxc 
antigens such as growth factors or hormones, and 
antibodies that are made directly to the receptors to 
trigger the receptors. The antibodies derived by an 
anti-idiotypic route require the antigen (hormone, growth 
15 factor) and will bind to the same epitope on the receptor 
as the hormone, while the antibodies derived by bxndxng 
to the receptors need not bind to the same epitope to 
trigger the receptor. Indeed such antibodies need not 
mimic a known hormone or growth factor, as thexr 
20 specificity, or binding to receptor (characterised as 
epitope, on-rate or off -rate) or blood clearance xs 
likely to differ. The process for making the antxbodxes 
is also quite different. Anti-idiotypic antibodies are 
made classically by immunisation of animals, although 
25 they can be isolated directly from phage display 

libraries as described above. Antibodies directed 
against self receptors are made by selection from V- gene 
libraries (as described above). 

As well as the advantages over the ant i -idiotypic 
30 route, the antibodies derived directly by receptor 
~ binding may even have advantages over the natural hormone 
or growth factor. Thus receptors that are defective for 
binding of the natural hormone or growth factor (for 
example in a genetic disease), may be triggered by an 
35 antibody binding at a different epitope. 

As therapeutic agents the various isotypes of 
antibodies or fragments of antibodies carrying the 
variable regions responsible for the specificity of the 
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molecule have a number of properties having advantages 
over the bioactive moiety they mimic. For example, 
unlike the natural hormones their half-life in 
circulation can be modified readily. Depending on the 
5 antibody isotype or fragment chosen, they have half -lives 
in circulation in a patient ranging from minutes to 
several weeks. If long term usage or short term 
clearance is required this can easily be accommodated by 
choosing the appropriate antibody isotype without need to 

10 use slow release devices as implants, or continuous 
intravenous infusion, etc. 

Furthermore, many hormones or tissue growth factors 
or antigens in general are functionally complex with 
different epitopes of each of the molecules having 

15 various specific functions. Clones of antibody mimics 
are monofunctional in this respect so could be used to 
produce one specific biological effect of a hormone 
without a second effect which latter effect may be 
disadvantageous to the patient. Thus the lymphokine TNF 

20 (tumour necrosis factor) binds to two different classes 
of cell receptors - one common on vascular endothelial 
cells, the other common on tumour cells. If the TNF is 
modified so that it cannot bind to the endothelial cell 
receptors but can still bind to tumour cell receptors, 

25 the tumours are attacked without at the same time 

inducing the very toxic side effects mediated through the 
vascular receptors. (This is described in Australian 
Patent Application PCT/AU90/00337 ) . An antibody mimic 
able to recognise the tumour cell receptor would be 

30 expected to be very specific and kill tumour cells 

without inducing toxic side effects mediated through the 
vascular endothelium since it would have no resemblance 
to the TNF epitope which binds to receptors on the 
latter. 
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TERMINOLOGY 

Much of the terminology discussed in this section 
has been mentioned in the text where appropriate. 

5 

Self 

A self antigen is an antigen or epitope which is 
capable of binding to an antigen binding site formed by 
antibody variable domain(s) and which is conserved 
10 between members of a species of animal and native to the 

body. ... *s 

The immune system tries to avoid making anybodies 

to self antigens. It has been suggested that (i) 
sequences of germ line V gene segments have been evolved 

15 under pressure to be directed towards foreign, e.g. 

pathogen, antigens and epitopes, and away from being able 
to provide antibodies which will bind self antigens, and 
(ii) that, in addition to this, immune tolerance causes 
those combinations of gene segments encoding anti-self 

20 antibody which do arise, to be deleted or anergised. 
Consequently, there are not normally circulating 
antibodies against these antigens except in disease 
states, eg autoimmune diseases. A self antigen may be 
one which does not vary between individuals of a species. 

25 A self antigen may be one for which there is normal 

allelic variation throughout a population. Immunisation 
of one individual in a species with a self antigen would 
not normally be expected to result in generation, or 
detection, of antibodies to the antigen, except perhaps 

30 when tolerance is deliberately broken. Antibodies to a 
self -antigen may only be present in an individual who is 
suffering from autoimmune disease. On the other hand, 
there are some self antigens to which circulating 
antibodies can be found in a sub-population of normal 

35 individuals of a species. 

A self antigen may be an antigen recognised by B- 
cell surface antibodies but not by antibodies which can 
be found circulating. It might not be possible to detect 
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or obtain circulating antibodies to a self antigen except 
perhaps when the individual is suffering from an 
autoimmune disease or syndrome. 

An anti-self antibody or antibody fragment is an 
5 antibody or fragment thereof which has binding 

specificity for a self antigen. It may recognise an 
epitope which is found only on a self antigen, or it may 
be cross-reactive with an antigen which individuals of 
the species will recognise as foreign. The present 
10 invention is particularly well suited to the production 
and isolation of antibody fragments which bind only a 
self antigen. 

Specific Binding Pair 

15 This describes a pair of molecules (each being a 

member of a specific binding pair) which are naturally 
derived or synthetically produced. One of the pair of 
molecules, has an area on its surface, or a cavity which 
specifically binds to, and is therefore defined as 

20 complementary with a particular spatial and polar 

organisation of the other molecule, so that the pair have 
the property of binding specifically to each other. 
Examples of types of specific binding pairs are antigen- 
antibody, biotin-avidin, hormone-hormone receptor, 

25 receptor- ligand, enzyme- substrate, lgG-protein A. 

Multimeric Member 

This describes a first polypeptide which will 
associate with at least a second polypeptide, when the 

30 polypeptides are expressed in free form and/or expressed 
on the surface of a substrate. The substrate may be 
provided by a bacteriophage. Where there are two 
associated polypeptides, the associated polypeptide 
complex is a dimer, where there are three, a trimer etc. 

35 The dimer, trimer, multimer etc or the multimeric member 
may comprise a member of a specific binding pair. 

Example multimeric members are heavy domains based 
on an immunoglobulin molecule, light domains based on an 
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T-cell receptor subunits. 
immunoglobulin molecule, f cell re 

^^^^^^ z- 

~ ha encoded by genetic ^ ^ l8 or 

particle and/or artificially placed into thepa^ 

,™- r.f it The displayed polypeptide may u 
ZZ T, s^i ic binaing pair eg. heavy or light 
^doLL based on an immunoglobulin Weenie, an 

^Vert^rrS'a virus e, a bacteriophage such 
15 as fd or M13. 

° aa Si. describes a replicable genetic display package 
specific binding pair at its surt 

phage antibody (pAb). 



10 



20 



25 



30 



aaacti.es an i^unoglobulin whether natural - 
partly or wholly synthetically produced. 
Lets any protein having a binding domain which is, 
"heinous to. an immunoglobulin ^ ^ _ 
• „ o„r, be derived from natural sources, or 
These proteins can be derive 

rn-w or wholly synthetically produced. 
^ Lalpfe antihSiea are the immunoglobulin isotypes 
and the Fab. F<abM 2 . scFv. Fv. aft. rd fragments. 
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immunoglobulin molecules. The domain contains two p- 
sheets and usually a conserved disulphide bond (see A.F. 
Williams and A.N. Barclay 1988 Ann. Rev Immunol. 6, 381- 
405). 

5 Example members of an immunoglobulin superfamily are 

CD4, platelet derived growth factor receptor ( PDGFR ) , 
intercellular adhesion molecule. (ICAM). Except where 
the context otherwise dictates, reference to 
immunoglobulins and immunoglobulin homologs in this 
10 application includes members of the immunoglobulin 
superfamily and homologs thereof. 

Homologs 

This term indicates polypeptides having the same or 
15 conserved residues at a corresponding position in their 
primary, secondary or tertiary structure. The term also 
extends to two or more nucleotide sequences encoding the 
. homologous polypeptides. 

Example homologous peptides are the immunoglobulin 
20 isotypes and the TIM barrel enzymes. 

Functional 

In relation to a sbp member displayed on the surface 
of a rgdp, means that the sbp member is presented in a 
25 folded form in which its specific binding domain for its 
complementary sbp member is the same or closely analogous 
to its native configuration, whereby it exhibits similar 
specificity with respect to the complementary sbp member. 

30 

Genetically diverse population 

In connection with sbp members or polypeptide 
components thereof, this is referring not only to 
diversity that can exist in the natural population of 
35 cells or organisms, but also diversity that can be 
created by artificial mutation in vitro or in vivo. 

Mutation in vitro may for example, involve random 
mutagenesis using oligonucleotides having random 
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prions of the sequence desire* * * *^ » 

ovamnle USB mutator S"CXdA"=» 

~ ne tr» LT. - *e DNA (see Example 38 - WO 
T^T Ze ^Z "unique population" .ay oe used to 
5 Z> e Polity o, e 9 polypeptide chains which are not 
5 Itically averse, ie the y are -X ~ — - J so 
restricted population is one which is averse b 
t hatn the full tape rtoira o, an an - - . U~ 



specificity- 
Domain 



525S ^ • ^ nf a protein that is folded 

A domain is a part of a prorex 

contain structures that nring wy 
i0 are not adjacent in the primary structure. 

^^^S descrihes the state of a Polypeptide which is 
not delayed hy a replicahle genetic display pacKage. 

25 Conditionally Defective 6XDresses a defective 

This describes a gene whxch expresses a 

or suppressing hosts respectively. 

AXternatively, a gene may express a protexn w 

one set of conditions, but not under 
defective under one set of tempe rature 
another set. An example is a gene wit 
35 sensitive mutation. 
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of nucleotide sequences downstream of the codon under one 
set of conditions, but under another set of conditions 
translation ends at the codon. Example of suppressive 
translational stop codons are the amber, ochre and opal 
5 codons . 

Mutator Strain 

This is a host cell which has a genetic defect which 
causes DNA replicated within it to be mutated with 
10 respect to its parent DNA. Example mutator strains are 
NR9046mutD5 and NR9046 mut Tl (see Example 38 of 
W092/01047). 
Helper Phage 

This is a phage which is used to infect cells 
15 containing a defective phage genome and which functions 

to complement the defect. The defective phage genome can 
be a phagemid or a phage with some function encoding gene 
sequences removed. Examples of helper phages are M13K07, 
M13K07 gene III no. 3; and phage displaying or encoding 
20 a binding molecule fused to a capsid protein. 

Vector 

This is a DNA molecule, capable of replication in a 
host organism, into which a gene is inserted to construct 
25 a recombinant DNA molecule. 

Phage Vector 

This is a vector derived by modification of a phage 
genome, containing an origin of replication for a 
30 bacteriophage, but not one for a plasmid. 

Phagemid Vector 

This is a vector derived by modification of a 
plasmid genome, containing an origin of replication for a 
35 bacteriophage as well as the plasmid origin of 
replication. 



Secreted 
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This describes a rgdp or molecule tear -«f»'" 
^ 1 member or a sbp displayed - 

«» sbp member and/or the molecule have bee ^ 
the package assembled externally to the cellul 

5 n-nartoire o f Rearranged leg "bulir. Genes 

5fiES TSectIon^^^ ~ 
DNA seguences which encoded expressed immunoglobulin 
£LTL an animal. The seguences are generated by the 
genes in a segments for H 

10 in vivo rearrangement of eg V, D ana 

^alnTand eg the V and J segments for L chains. 
™atively the sequenoes may be generated from a cell 
Alternatively x * rearrangement m 

line immunised in vitro and in which tne r 
response to immunisation occurs intracellular!?. 



15 



^collection of nucleotides eg DKA seguences within 
clones; or a genetically diverse collection of 
peptides, or specific binding pair or 
0 polypeptides or sbp members whrch are drspi * 

capsule of being selected or screened to provide an 
individual polypeptide or sbp member or a mxxed 
population of polypeptides or sbp members. 

, 5 Besstoire^rtificial^^ 

S2SSS i collection of nucleotides eg » seguences derived 
„holly or partly from a source other than - 
immunoglobulin seguences from an animal This may 
,n Llude for example. DNA seguences encoding VH domarns by 
30 ^n unr^rranged V segments with o -"J^T^ 
\* DNA se^ences encoding VL domains by combrnrng V and 

' ^"Tor all of the DNA seguences may be derived by 
35 oligonucleotide synthesis. 

decretory Taarier Peptide 

ThZ is a seguence of amino acids Joined to the N- 
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terminal end of a polypeptide and which directs movement 
of the polypeptide out of the cytosol. 



Eluant 

5 This is a solution used to breakdown the linkage 

between two molecules. The linkage can be a non- 
covalent or covalent bond(s). The two molecules can be 
members of a sbp. 

10 Derivative 

This is a polypeptide which derived from another 
polypeptide which is encoded by the DNA within a 
selected rdgp. The derivative polypeptide may differ 
from the encoded polypeptide by the addition, deletion, 

15 substitution or insertion of amino acids, or by the 

linkage of other molecules to the encoded polypeptide. 
These changes may be made at the nucleotide or protein 
level. For example the encoded polypeptide may be a Fab 
fragment which is then linked to an Fc tail from another 

20 source. Alternatively markers such as enzymes, 
fluoresceins etc may be linked to e.g. Fab, scFv 
fragments . 



25 
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BRIEF DESCRIPTION OF THE FIGURES 



Figure 1 shows an analysis by ELISA of the 
specificities of soluble single-chain Fvs (scFvs) 
isolated from the uhimmunised library by selection on 
bovine thyroglobulin (upper panel), human TNFa (central 
panel), or the human mAb Fog-1 ( gamma- 1, kappa). 
Binding was determined by ELISA to a panel of proteins, 
as follows: 1 - plastic; 2 - hen egg trypsin inhibitor; 
3 - chymotrypsinogen A; 4 - hen egg ovalbumin; 
5 - keyhole limpet haemocyanin; 6 - bovine 
35 thyroglobulin; 7 - human TNFa; 8 - turkey egg-white 
lysozyme; 9 - horse heart cytochrome c; 10 - bovine 
. serum albumin; 11 - mAb Fog-1. 
Figure 2 shows an analysis by ELISA of the 
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specificities of soluble scFvs isolated from the 
unimmunised library by selection on human 
carcinoembryonic antigen (CEA) (upper panel), the MUC1 
peptide (Price et al., 1990, supra) (central panel), or 
5 human CD4 ( lower panel). Binding was determined by 

ELISA to a panel of proteins, as follows: 1 - hen egg 
trypsin inhibitor; 2 - chymotrypsinogen A; 3 - hen egg 
ovalbumin; 4 - keyhole limpet haemocyanin; 5 - CEA; 
6 - urine extract containing human polymorphic 
10 epithelial mucin ( PEM ) ; 7 - bovine thyroglobulin; 

8 - hen egg-white lysozyme; 9 - bovine serum albumin; 
10 - chicken gamma globulin coupled to 4-hydroxy-3- 
nitrophenyl acetic acid; 11 - human recombinant soluble 
CD4. 

15 Figure 3 shows an ELISA to assay the binding of three 
scFvs, isolated by selection on a human monoclonal 
antibody Fog-1 (IgGl, kappa), to a panel of human 
antibodies of varying isotype, as follows; 1 - Fog-1; 
2 — the Fv fragment of Hulysll; 3" - HulysU antibody 

20 (IgGl, kappa); 4 - RegA (IgGl, kappa); FogC (IgG3, 

kappa); 6 - Pagl (IgGl, lambda); 7 IgG2,lambda antxbody 
purified from myeloma plasma (Sigma); 8 - 0ak3 (IgG3, 
lambda); 9 - IgG4, lambda purified from myeloma plasma 
(Sigma); 10 Foml (igM, lambda); 11 - FomA (XflM, lambda). 

25 Figure 4 illustrates the assembly of V H genes in the 
creation of a synthetic library. 

Figures shows schematically selection techniques for 
pADS . 2(1) shows a binding/elution system; 2(ii) shows a 
competition system (p = P Ab; ag = antigen to which 

30 binding by pAb is required; c - competitor population 

e.g. antibody, pAb, ligand; s = substrate (e.g. plastic 
beads etc); d = detection system). 

The present invention is illustrated by the 
following examples. Oligonucleotide primers and probes 

35 mentioned in the text are listed in Table IV. Tables I 

to IV are found after Example 8. 

Example 1 shows the isolation of antibodies directed 
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against human tumour necrosis factor-a and a human 
monoclonal antibody from a phage library of single chain 
Fv fragments derived from an unimmunized human. 

5 Example 2 shows the isolation of antibodies binding to 
human thyroglobulin from a phage library of single chain 
Fv fragments derived from an unimmunized human. 

Example 3 shows the isolation of antibody fragments 
10 directed against the self antigens MUC1 mucin, 

carcinoembryonic antigen (CEA) and recombinant soluble 
CD4 (rsCD4) from a phage display library of single chain 
Fv fragments derived from an unimmunized human. 

15 Example 4 shows/the further characterization of selected 
anti-self antibody fragments by DNA sequencing and 
affinity determinations . 

Example 5 shows the creation of a synthetic human 
20 library using germ line VH segments. 

Example 6 shows the isolation of an antibody fragment 
binding to human tumour necrosis factor-a from a human 
germ line synthetic library. 



25 



Example 7 shows the creation of a synthetic human 
library using human germ line VH segments containing VH 
CDR3 sequences of different lengths and isolation of 
single chain Fv fragments binding to human thyroglobulin 
30 and a human monoclonal antibody. 

Example 8 shows the isolation of human antibodies 
directed against human interleukin-1 receptor molecules 
which trigger receptor function. 



35 



Example 1 

isolation of antibody' fragments directed against self 
antigens from a library of scFvs m ade from unimmunized 
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10 



^^^ly occurs V-genes isolated ~ — ~ 
can be constructed intc a large library cf antrbody 
f rag!enL which contain reactivities against antrgens to 
ZTZ donor bee net been exposed 
W. «e nave realised that these libraries mey also 
contain reactivities against self antigens, arising 
Tither from self-reactive B-cells which have not been 
cited or as non-neturally occuring fr *-^-^"« 
irom VH and VL chain recombination. To test thrs 
panned a large human scFv library displayed on the 
surface of a phagemid against human TNF-a and a human 
IgG/k immunoglobulin. 



15 Methods 

Rescue of the library.: „ =woct:ea from the RNA 

The library of scFvs was constructed from 

• of human PBLs and has been previously 

(MO 92/01047 example 42). To rescue phage drsplayrng 

20 antibody fragments, approximately 10 E. coir 

harbouring the phagemid were used to maculate 50 ml of 
7* Tf containing 1* glucose and 100 mg/ml of amprcrllm 
(2 x TY- MO-GLU) and grown to en O.D. of 0.8 wrth 
ILing. Five ml of this culture was used to rnnoculate 

,5 5 Hr of 2 x Ty- ^-OLO. 2 x 10= TO of delta gene 3 
hl.1 <«13 D gene II! see W092/01047) were added and 
ToulLre incubated at 37-C for 45 minutes wi^out 
.hexing and then at 37-C for 45 minutes 
The culture was centrifuged at 4000 r.p.m. for 

30 and the pellet resuspended in 2 litres of of 2 x 

Staining 100 mg/ml anpicillin and 50 mg/ml xanamycrn 
and grown overnight. Phage were prepared as P™^ 
described (WO92/01047 example 42). M13 D gene III was 

prepared as follows: . 
35 M13 D gene III helper phage does not encode gene 

■ III protein, hence the phage(mid) displaying antrbody 
fragments have a greater avidity of binding to antxgen^ 
mfectious H13 o gene III particles are mede by growing 
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the helper phage in cells harbouring a P UC19 derivative 
supplying the wild type gill protein during phage 
morphogenesis. The culture was incubated for 1 hour at 
37-C without shaking and then for a further hour at 37'C 
5 with shaking. Cells were spun down (IEC-Centra 8, 4000 
revs/min for 10 min), resuspended in 300 ml 2 x TY broth 
containing lOOmg ampicillin/ml and 25mg kanamycin/ml (2 
x TY- AMP-KAN) and grown overnight, shaking at 37 °C. 
Phage particles were purified and concentrated from the 
10 culture medium by two PEG-precipitations (Sambrook et 

al., 1990), resuspended in 2 ml PBS and passed through a 
0.45mm filter (Minisart NML; Sartorius) to give a final 
concentration of approximately 10 1 * transducing units/ml 
( ampicillin-resistant clones ) . 

15 

Panning of the library : 

immunotubes (Nunc) were coated overnight in PBS 
with 4 ml of either 100 mg/ml or 10 mg/ml of recombinant 
human TNF-a in PBS or 4 ml of 10 mg/ml of Fog-1, a human 

20 IgG/k immunoglobulin which recognizes the human red 

blood cell Rh (D) antigen. Tubes were blocked with 2% 
Marvel-PBS for 2 hours at 37° C and then washed 3 times 
in PBS. Approximately 1013 TU of phage was applied to 
the tube and incubated for 30 minutes at room 

25 temperature tumbling on an over and under turntable and 
then left to stand for another 1.5 hours. Tubes were 
washed 10 times with PBS 0.1% Tween-20 and 10 times with 
PBS. Phage were eluted by adding 1 ml of 100 mM 
triethylamine and rotating 15 minutes on an under and 

30 over turntable after which the solution was immediately 
neutralized with 0.5 ml of 1,0 M Tris-HCl, pH 7.4. 
Phage were then used to infect 10 ml of mid-log E. coli 
TGI by incubating eluted phage with bacteria for 30 
minutes at 37 s C. The E. coli were then plated on TYE 

35 plates containing 1% glucose and 100 mg/ml ampicillin. 
The resulting bacterial library was then rescued with 
delta gene 3 helper phage as described above to prepare 
phage for a subsequent round of selection. This process 
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for a total of 4 rounds of affinity 
waS then repeated for a in(=reased to 20 ti.es 

purification wxth tube was y rounds 
Hi* PBS. 0.1% *»een-20 and 20 times nth PBS 

3 and 4. 



10 



15 



25 



Him acterj zatj on of binders : 

^ na 7 777 , rfl an< a 4th rounds of 

Eluted phage from the 3rd ana « 

, mfect E. coli HB 2151 and 
selection were used to infect b 

^ £ or»ed as previously described with rcrcrotrtre Pi— 

lated — 10 „*L » » * _ 

bicarbonate pH 9.6 or 10 «,/«! Pog-1 in PBS CI 
t.ositive in elisa were further characterized by PC* 
printing IW092/01047 example 20, end then by 
sequencing - 



35 



20 ^Soluble scPv fro. 1=36 colonies end phage from 
1152 colonies were screened by ELISA. The results are 



1152 colonies wei= - . ._ thp 

^. « 1 t-he key for which is given in tne 
shown in figure 1, the Key i« . 

by PCR fingerprinting and seguenc-g. in 
15 different binders were identified, 
have been sequenced. 

Fog .!. soluble scFv fro* 96 clones was screened by 
30 - -itlve clones were further ^ f * 

PCR fingerprinting and sequencing. In this manne 
Cerent binders were identifed and sequenced. 
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IP 



antibody scFv fragments directed against bovine 
thyroglobulin from a library of scFv fragments. These 
were derived from unimmunised humans, expressed on the 
surface of phage fd, isolated by panning against bovine 
thyroglobulin. The results demonstrated that it is 
possible to isolate from a library derived from an 
unimmunised individual antibody fragments which will 
bind an antigen to which that individual has never been 
exposed. 

Sixteen clones found by this panning to be specific 
for bovine thyroglobulin have now been analysed for 
binding to human thyroglobulin in an ELISA assay (as 
described in example 44 of WO92/01047). Nine of these 
clones also bound strongly to human thyroglobulin with 
15 absorbance signals of between 1.0 and 1.6 12 minutes 
after addition of substrate. No cross-reactivity 
(signal less than 0.05 after 90 min) was found with a 
panel of unrelated antigens- hen egg lysozyme, BSA, 
ovalbumin, chymotrypsinogen, cytochrome c, keyhole 
20 limpet hemocyanin, insulin, cardiolipin and DNA. 

Thus, antibodies with specificity for epitopes on 
the human self antigen thyroglobulin can be isolated 
from libraries prepared from unimmunised humans. 

Two clones binding to both human and bovine 
thyroglobulin, a-Thy23 and a-Thy29, and two clones 
binding to bovine thyroglobulin only, a-Thy32 and a- 
Thy33, were sequenced. 

Example 3 

30 Tsnlation of antibody fra gments directed against the 

K„ ma n ...if -antigens M"r.l mucin. carcinoembryonic antigen 
,rp*i »nd recombinant soluble CD4 (rsC.r.4) from a phage 
^•cp^ y library of human single chain Fv fragments 
The phage display library of single chain Fv 

35 fragments derived from unimmunized human donors used in 
Example 1 was used in selection to isolate antibody 
fragments directed against the self antigens MUC1 mucin, 
carcinoembryonic antigen (CEA) and recombinant soluble 
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CD4 (rsCD4). 

phage (M13 D gene III). 

* «k««« soecific for MUC1 m ucin and 
cai action of phage specie _ 

a8 (Marfcs et ex.. ~ ^ 2 . 554 , „ 90) . 

antigen ( J.McCafferty «t 1.. reooinDi „ant 
t« The following antigens were used: human reco 
15 ZZe CD4 (rsC*, .-pressed in * 

Mer ican Biotechnology ~ -J^U,-.. 

antigen (CEA). an 
20 al.. Molec. Immunol. 27 795 , ^ . 

corresponds to a repeated motif in hum pEH) 

Sinsr- ii.:-^-. Bio... - — - 

tubes were washed 10 times with PBS, u.x* i 
tubes wer sub sequent rounds of 

30 and 10 times with PBS. For s ^ % 

selection tubes were washed » «- _ eluted 

(v/v) Tween 20 and 20 times wirn. 

U 100 - thiamine as ^s, _ 

"TJSeo ~L TOX cells. 10* -.acted 

35 used to infect t. the next rescue, 

uteris were used as an .noculum *»r ^ and 

The library was subjected to 3 to o 
selection for each antigen. 
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For selection of phage binding to the MUC1 peptide, 
the peptide was coupled chemically to Sepharose 4B 
(provided by M.R. Price). A 1ml column was prepared, 
and phage was selected as described by McCaf ferty et 

5 al., 1990 (supra). Briefly, the Sepharose-MUCl column 
was washed with PBS containing 2% skimmed milk powder 
(MPBS) and the phage loaded in 1ml of the same buffer. 
After washing the column successively with 10ml volumes 
of MPBS, PBS PH7.2, 50mM Tris-HCl/500mM NaCl pH8.0, and 

10 50mM Tris-HCl/500mM NaCl pH9.0, phage was eluted with 

5ml lOOmM triethylamine and neutralised with 0.5M sodium 
phosphate buffer pH 6.8. Five rounds of selection were 
carried out. 

15 screening and seque ncing of clones 

Single ampicillin resistant colonies from infection 
of E. coli TGI with eluted phage, were screened either 
for binding of phage (Clackson et al., 1991) or soluble 
scFv fragments (Marks et al., 1991). Since the gene 
20 encoding the antibody fragment is linked to that 

encoding the phage coat protein by an amber codon, 
soluble fragments can be secreted from a non-suppressor 
strain of bacteria infected by the phage (Hoogenboom et 
al 1991). The binding to antigen of soluble scFvs in 
25 bacierial supernatant was detected with the mouse mAb 

9E10 (1 ug/ml), which recognises the C-terminal peptide 
tag (Munro and Pelham, Cell 46, 291-300, 1986), and 
peroxidase-conjugated anti-mouse Fc antibody (Sigma), as 
described (Ward et al., 1989). Plates were coated with 
30 the antigens Fogl, TNFa, bovine thyroglobulin and rsCD4 
as described for immuno tubes above, and with CEA at 
5mg/ml. A urine extract containing human polymorphic 
epithelial mucin (PEM) was used at a protein 
concentration of approximately lOmg/ml. 
35 The specificity of the isolated clones was checked 

by ELISA of the soluble scFv fragments using plates 
coated with various proteins. Plates were coated with 
the antigens Fog-1, TNFa, bovine thyroglobulin, rsCD4, 
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CEA and PEM as described above. Other proteins were 
^overnight at room tempter, £ . ~- 
of 1 mg/ml in PBS (cytochrome c [Sigma]) or xn 
or x my/1 *« -hurkev egg-whxte 

NaHC03, PH 9.6 (bovine serum albums. « 
5 lysosyme, hen-egg-white lysosyme. hen ovalbuminjceyho 
jLJTi— (CalBiochem,, «rvps,nogen ^ 
chlLen egg-white trypsin inhibitor CSigma^ ^ 

globulin coupled to «- , **^T^^. l0 n«l 
acia . Clones found to give a positive EMSA signal 
10 were screened by PCR and .fingerprinted' with the 
restriction enzyme BstNI as in (Maries et el., 19 «< 
supra) to identify different clones. Examples of clones 
^ different restriction patterns were selected and 
^e heavy and light chains sequenced 
IS Kit (USB) or using a Taq DyeDeoxy Termxnetor Cycle 
fencing Kit (Applied Biosystems, and an Applxed 
Biosystems 373A DMA sequencer. 

Sequenced clones were further analysed using the 
program MacVector 3.5 (IBI KodaK. New Haven. <*>-»^ 
VH genes were compared to the 83 germline gene segments 
present in the VH directory compiled by Tomlrnson et al. 
^ :^Biol. 327 778-798. X992,. « genes -e compared 
Ki th 34 published Kappa germline gene segments and 13^ 
published lambda gene segments. Regions of the V genes 
iL^aea by POP. primers were not included rn the 
analysis. 

Th _ ggigcted human -anting fragments show high 
, r ^f<citv ar'""- f-anticens 

-"-SSfSTto five roundToTselection 'f^^ 
were infected with eluted phage and antibody 
Educed by individual clones were screened - b^ndrng 

b y ELISA. "T'ZZn^JZfZ* corresponds to 
peptide (Prxce et al., 19yu,su pi ci;, Elated 
a repeated motif in human M0C1 mucin < tumour-associated 
polymorphic epithelial mucin or PEM, (Gendler t 
198^ supra; Gum et al.. 1990. supra,, were ■»--**« 
^ ng to human PEM and hence bind to both peptrde and 
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the protein. The V-genes of clones with binding 
activities were sequenced, and one clone identified for 
each antigen of CEA, PEM and rsCD4 (Table I). The 
appearance of only low numbers of clones binding to CEA, 
5 pem and human recombinant soluble CD4 (rsCD4), even 

after several rounds of selection, may reflect the use 
of VCS-M13 (stratagene) as helper phage (instead of 
Ml3DgIII helper used for the other antigens). 
Populations of phage(mid) particles produced by rescue 
10 with M13DgIII (which cannot produce pill) have higher 
average avidities than those produced by rescue with 
VCS-M13 (where the wild-type pill encoded by the helper 
phage can compete with scFv-pIII fusions). 

The scFv fragments were then screened for binding 
15 to a panel of other protein antigens, and were found to 
be highly specific. This is illustrated in Fig. 2 with 
the single clones with binding activity to human CEA, 
MUC1 and human rsCD4. See brief description of figure 2 

(supra) for key. 
20 Hence, antibody fragments directed against the 

human self antigens CEA and MUC1 which are tumour 
markers) and rsCD4 can be derived from the same library 
and they all have a high specificity for antigen. 
Example 4 

25 r^racterisati ™ of antiself antibody fragments by DNA 
sequencing and bindin g to antigen 

The antiself antibody fragments isolated in 
examples 1,2 and 3 -were characterized by DNA sequencing 
and antigen binding. 

30 

^ 0 antibody fragment are derived from a range of 
unmutated and somatica lly mutated V-genes 
The sequences of several clones with 
self-specificity were determined as in example 3 and 
35 contain both kappa and lambda light chains (Table II). 
Comparison with the sequences of the nearest germ-lxne 
V-gene segments indicates that several different 
families are used (VHl, 3, 4 and 5; Vkl and 4, Vll, 2 
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and 3). m a few cases the V-genes are completely 
ge rmline, for example both the VH and VI genes of 

n£ -the V-aenes have severax 
However, most ot tne v yc 

Terences fro. the nearest germline V-gene segments 
5 t "Tt the nucleotide en. amino-acid level (Table II). 

^ * a re derived from somatically 

suaaesting that they are aerxveu 

Tt ted B^ceXla. Some stations mey have ™ ™ 
the PGR amplification and assembly process, for 
Z v-genes of aFOGl-08 end a»Cl-l, and the VK-gene of 
W I^V probebly arose fro. cross-overs between two 
V-genes during PCR amplification (Table II). 
Jthermore. large differences (for example the V* of 
aF0G l-H 6 which differs by 38 nucleoti des^m y ^ - to 

- use of —-^r^ Chain ™ aTNF-Al 
15 homology in the CDR3 of tne vy the 
and aTNF-El : the germline V-genes are dxf£««t * _ 
same JH segments are used, and 11/16 residues of CDR3 
^ identical. This suggests that both scFv fragments 
may bind to the same epitope of TNF. 

20 ffce^ntibj^^ 

^ r ^» pftS on *™<* protein 

The scFv fragments directed against bovine 
thyroxin ^example 2 were screened for binding 
thyrogioouxj. H -i-F£ers bv only 6 single 

2S to human thyrofllobulrn, which v. and 

a^no-acid residues in the protomer < M ^f 
r^trfcv S (1987) Eur. J. Biochem.. 165, 491-498). 
ZZT£ live clones (including aThy-29> bound to 
^an thyroglobulin. whereas the rest (including a « 

„0 and eThy-33) did not (data not shown). Likewise t 

30 fragments binding to the human antibody Pog-1 were 
screened for binding to a range of other entrbodre 
differing in heavy and light chain isotype (Prg. 3). 
Z orief description of Figure 3 for its key l-*">- 

3S 2 fragment aFOGl-M bound to all heavy chain gl. 2 and 
Hsotypes. but not to g4 or m. By contrast, the 
LagmTts aP001-H6 and aPOGl-,3 did not bind to any of 
the^ther antibodies, including those of the seme 
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isotype as Fog-1, suggesting that they are directed to 
the variable domain of Fog-1. 

Characterisati on nf selected scFv fragments 

The following clones were chosen for large scale 
purification and further characterisation: aFOGl-H6, 
aF0Gl-A3, aTNF-E7, and aThy-29. Colonies of the 
non-suppressor E. coli strain HB2151 harbouring the 
appropriate phagemid were used to inoculate 2 litres of 
2 x TY containing 100 ug ampicillin/ml and 0.1% glucose. 
The cultures were grown and induced (De Bellis,D. and 
Schwartz,!. (1990) Nucleic Acids Res., 18, 1311) and the 
tagged scFv fragments purified using the mAb 9E10 as in 
(Clackson et al., 1991, supra and W092/01047). 

The inhibition of 1251-Fog-l binding to human Rh D 
antigen by the affinity purified scFv fragments aF0Gl-H6 
and aF0Gl-A3 was essentially as performed earlxer 
(Gorick,B.D., Thompson,K.M., Melamed,M.D. and 
Hughes, J.N. (1988) Vox. Sang., 55, 165-170) with the 
following modifications. 0.0148 ug of 125I-FOG1 was 
pre-incubated with varying amounts of purified aF0Gl-H6 
or aF0Gl-A3 scFv fragments (0 - 16 ug) at 37'C for 1.5 
hours, before adding 0.5 pi of R1R2 cells (or rr cells 
as control). The mixture was then incubated for a 
further 1.5 hours at 37'C with constant mixing, and 
finally cells separated from the supernatant. As a 
control, a titration was also performed with a purified 
scFv fragment directed against turkey egg white lysozyme 
(aTEL9) (Marks et al., 1991, supra). 

Kinetic measurements were made using surface 
plasmon resonance (BIAcore, Pharmacia Biosensor AB) 
(j6nsson,U., Fagerstam, L. , Ivarsson,B., Lundh,K., 
L6fas,S., Persson,B., Roos,H., Ronnberg,I., 
Sj51ander,S., Stenberg,E., Stahlberg, R. , Urbaniczky,C. , 
Ostlin,H. and Malmqvist,M. (1991) BioTechniques , 11, 
620-627; J5nsson,U. and Malmqvist,M. (1992) In Turner,A. 
( ed ) Real Time Biospecific Interaction. JAI Press 
Ltd., 'san Diego, Vol. 2, pp, 291-336). In order to 
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separate monomeric and multimeric species, the Purified 
separate .^-..vmtad by ultrafiltration and 

scFv fragments were concentrated by u 
n^en fractionated on a calibrated Superdex 75 ™ 
ceXumn (Pharmacia, in PBS. 0.2 mM EDTA. ^ "^"^ 
5 „es stored both by tbe absorbanoe et 280 nm end 
on-line to BIAcore with immobilised antigen on the 

sensor chip (Johnsson et al., 1991). fllffa rent 
Kinetic experiments were performed xn two dif ferent 

configurations. First.' to analyse the 
10 soluble scFv. the different antigens were c-alently 
"" mobilised on the sensor chip (in the case of mAb 
F og-l, the antibody was also immobilised via a mouse 
anti-human toppe light chain mAb usi^ a sensor chip 

coated with rabbit anti-mouse IgOl). Second^ » 
« the binding of the soluble mAb FOG-1. the aF0Gl-H6 scFv 
was immobilised on the chip surface. 

The antigens were coupled to the CMS sensor chip 
. m * their amine groups using the Amine Coupling Kit 
(Pharmacia Biosensor AB,< .ohnsson^B. 
20 Lindqvist.G. (1991, Anal. Biochem. , 198, 268 277,_ 

antigens were diluted in 10 m aoetete buffer pH -0« 

„„ m „ 25 ua/ml and 3805 resonance units (RU) of TMF, 
approx. 25 ug/mi. an 

6249 RO of human thyroglobulin. and 5279 ™ 
i^obilised. For the biospecific presentation of Fog-l, 
25 affinity purified rabbit anti-mouse IgGl (Pharmacia 

Biosensor AB ) was coupled to the surface followed by a 
mouse mAb anti-human *.ppa (2300 RU) and then Fog-l 
,2050 RU) . As binding of the rabbit anti-mouse IgGl to 
L mouse mAb wes reversible by 10 mH BC1 the complex 
30 was rebuilt for eecb analytical cycle Scrvanti-Fog 
„as coupled to the CM5 surface * * » m 

determinations were performed at 25 C in fk>, 
EDTA 0.05% BIAcore surfactant P20 with a constant 
pirate of 10 pl/min. and en injected volume sample of 
35 5 pi- » - ^ necessary to regenerate the antigen 
" as the scFv fragments rapidly dissociate, with the 

exception of the biospeoif 1= presentation of antigen via 
^blt anti-mouse IgGl which was regenerated with 10 m 
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HCl for 3 rain. 

Analyses of scFv monomer were performed in the 
concentration range 100-500 nM, and dimers in the range 
40-200 nM except for the biospecif ically presented Fog-1 
5 where the concentration of dimeric scFv was 0.25-1.26 
U M. Fog-1 was analysed on the aF0Gl-H6 scFv surface in 
the concentration range 10-200 nM. All concentrations 
were calculated from U.V. absorption at 280nra (assuming 
that 0.7 mg/ml scFv gives an A280 = 1 [Mach,H., 
10 Middaugh,C.R. and Lewis,R.V. (1992) Anal. Biochem., 200, 
74-80] , and that Mr of a scFv monomer is 30 kD and of a 
dimer is 60 kD). No correction was made for the 
fraction of active protein, and therefore the on-rates 
are an underestimate. The kinetic evaluation of data 
15 was performed according to (Karlsson,R. , Michaelsson, A. 
and Mattsson,L. (1991) J. Immunol. Methods, 145, 
229-240) and evaluated on the program Origin 1.1 
• (Microcal inc., Northampton, Mass., USA). 

20 two of the antibody fr agments are directed against 
idiotopes of human mAb Fog-1 

The binding of 125I-Fog-l antibody to human red 
blood cells bearing the Rh D antigen could be inhibited 
by both aFOGl-H6 and aF0Gl-A3 scFv fragments. Hence, 
25 both aF0Gl-H6 and aF0Gl-A3 are site-associated 
anti-idiotype antibodies, complexing with the 
antigen-binding site of Fog-1. The extent of inhibition 
of 125I-Fog-l binding to the Rh D antigen (on human R1R2 
red blood cells) was determined by titration with 
30 affinity purified aF0Gl-H6 and aF0Gl-A3 scFv fragments. 
(As control, no inhibition of 125I-Fog-l binding was 
observed using a scFv fragment (aTEL9) (Marks et al., 
1991, supra) directed against turkey egg white 
lysozyme). With the maximum of 16 ug scFv (1000 fold 
35 molar excess to 125I-Fog-l), the binding was inhibited 
by 14.2% (aF0Gl-H6) and 20.9% (aF0Gl-A3), suggesting 
that the affinities of these fragments for Fog-1 are 
much lower than the affinity of Fog-1 for the Rh D 
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Tha scFv frai 
10 solution 



, 2 „ 10 9 M" 1 ) which binds monovalent!* 
antigen (Ka = 2.2 x fragments 

(Gorick et te s^r ; z - t 

r;rto Fo^i be estimate, as Ka = 3 x 10* IT* 

binding to Fog 1 eo ^osi-AS, and this is 

for aF0Gl-H6 and 6 x 10 M for 

. n< . her kinetic measurements <see 
consistent with other Kmei-x 

and Table III). 

, nn for-both iddimersin 

S9iS lS ubl e entibcay fragments were purifiea fro. 
ba cterial supernatants by affinity chrom atography * 
b inaing or the C-terminai peptide tea to the -* 

75 (Pharmacia), ana detected on-line both by W 
sorption (280 nm, and ^^^^cia 

Maimers, -e diners bind ^re strong » tne 

4 - ui T 1 sr ~ :r » - -i- on 

^TTU ana are therefore not iin*ed by 

25 disuiphide bonds. -"^^^ 
ael-filtration, it appears that in this 
ZLrs and diners ao not 

met antiboay Fab fragments made m bacteria 
multimerize (unpublishea ante) . 

35 n- -— faaSSSH 6 ! 8 m'^omolar effinities. 

The presence of both scFv monomers ena aimers ooul 
!ead overestimate of affinity of binding usrng 

lead to an ° detB rmine the affinity and 

solid phase methods. io uc 
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kinetics of binding of scFv fragments to the antigen 
coated chip using surface plasmon resonance, we 
therefore purified the fragments by gel filtration 
(Table III). For the dimers, the off-rate constants were 
5 determined as about 10-2 s -l and the on-rate constants 
for the scFv dimers as about 1(>5-10* IT* s" 1 (assumxng 
the sample is completely active). In the case of 
aF0Gl-H6, the antigen (the mAb Fog-1) was immobilised on 
the sensor chip in two ways, either directly or via a 
10 rabbit anti-mouse IgGl antibody. The results were almost 
identical by either method (see Table III). However the 
active fraction of scFv fragments varies considerably 
and could lead to an underestimate of the on-rate (and 
affinity of binding); for example using fluorescence 
15 quench titration with several scFv fragments directed 
against phenyloxazolone we detected only 0.06 to 0.38 
functional binding sites per scFv molecule (unpublished 
data), indeed the on-rate constants calculated for the 
association of the aFOGl-H6 fragment and Fog-1 antibody 
20 depend on whether the antibody (k on 2.2 x 10 M s ) 
or scFv fragment (k on 1.0 x 10* M"l ."M is immobilised 
on the sensor chip (Table III), indicating that the 
aF0Gl-H6 fragment is less active than the Fog-1 
antibody. For the scFv monomers, the binding signals 
25 were low and it was difficult to follow the kinetics of 
binding to the surface, except for the dissociation of 
the aThy-29 monomer (k off - 2 x HT* .- l >- However, the 
four fold stabilisation of the aThy-29 fragment dxmer 
(see below), suggests that the off -rate constants of the 
30 other monomers are >10- 2 s" 1 , perhaps 10' s . 

The greater stability of the scFv dimers on the 
sensor chip, compared to monomers, indicates that the 
dimers are bivalent. The scFv dimers are therefore 
analogous to the two heads of the antibody IgG (but with 
35 different spacing between the heads), and their binding 
avidities were estimated as about 10? IT* from k on /k off 
(Table III)- The affinities of the monomers must be 
lower by virtue of their faster dissociation from the 
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surface For the aThy-29 monger, and assuming that the 
surtace. 1 WJ - . hPi aimer 

is the same as for tne aimwi. 
on-rate constant is tne s Kinetics of 

„ rr a «rJ Williams, A. F. (1986) Kine^w 
(Mason, D.W. and wmia , Surface 

those »easured^olut>o J ^ ^ Qf the 

10 techniques. For evmfi. which 

„ono*er scFv fragment « ^^^' £rom tbe sa^ 

bind s to turKe, «^ : 8S JVl using surfece 

library) was estimated as 3.9 x l " 7 i ^ 

pi asm on resonance <Tahle III), end a 1.2 * 

15 —T^SZ are typical 

of the — u5r= r^-==»- 

20 the protein self -antigens (10 5 to 10 M s i 
.1 of nreviously characterised Ab-protein 
typical of previous y v< „ tics of dissociation 

interactions. However the kinetics of 
, 10 -2 s -l) are relatively fest for Ab-protein 
( ,„ * h„th rates ere slow compared to meny 

interactions (hut bo* rates ^ ^ 

25 Ab-hapten interactions , . "f ^ ^ 

— s^r : Te ^rLrLpect 9 : ■ 

uti: Reined on the solid support during 
washing. Hoover. scFv fragments ere 
30 B ultivalently on the phage especislly using ^ 
M13DgIII helper phege. end soee of th ^ 
„ for. diners in ^^JZ with antigen help 
phage . The ^ ^encoded scFv phage to be 

retain the phage, aiJ-owmy 

35 ""tndo. combinatorial V-gene -pertoires^derived 

fro. the -* of i-nised -^~™TJZ*»- 
heavy or light chain V-genes encoding part 
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binding site and this facilitates the isolation of 
antigen-binding fragments using phage technology, 
although the combinations of V-genes of each 
B-lymphocyte appear to be largely destroyed. Antigen 
5 binding sites can also be generated de novo by the 
random combination of chains, as illustrated by the 
isolation of scFv fragments against foreign antigens 
from unimmunised human donors (Marks et al., 1991, 
supra ) . 

10 "Natural autoantibodies", self-reactive antibodies 

isolated from healthy donors tend to be of low affinity 
and polyspecif ic and may well be produced by a discrete 
subset of B-cells, the internal activity set 
'(Holmberg,D. and Coutinho,A. (1985) Immunol. Today, 6, 

15 356-357), contributed in part by CD5+ B-cells (Casali,P. 
and Notkins,A.L. (1989) Annu. Rev. Immunol., 7, 
513-535). in contrast, the anti-self scFv fragments we 
have made are highly specific in binding to antigen 
despite only having micromolar affinities. This is a 

20 surprising and valuable finding. Their affinities could 
presumably be improved in vitro, for example, the 
affinity of an scFv fragment for the hapten 
phenyloxazolone derived from the phage library (and, 
like the anti-self antibodies described here, with a 

25 relatively fast off -rate) was improved from Ka = 3.1 x 

10 6 M" 1 to 9.1 x 10 8 M- 1 by chain shuffling (WO92/01047; 
Marks et al., 1992b, Biotechnology 10, 779-783, 1992). 
This would allow the creation of highly specific, high 
affinity human antibodies directed against self-antigens 
30 for use in human therapy. 

Example 5: 

Creation of a Synthet ic Library 

By display of antibody repertoires on the surface 
35 of filamentous phage and selection of the phage with 
antigen 1 , we can mimic immune selection 2 ' 3 and make 
human antibodies from the rearranged V-genes of 
unimmunised donors 4 . Human antibodies have now been 
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, a hv svnthesis from defined V-gene elements. A 
made by synthesis segments was 

repertoire of 49 human germ line V H ge 9 
rearranged invitro by joining to a synthetic D 
segment" ofH^ndom amino acid -"-^^ 
5 segment, to create a synthetic third co^entarity 
s . /rnR^ of eiaht residues- Tne 

^tVlenes were cLed with . human VlambdaS 
rearranged V H genes were nhaae 
lig ht chain as single-chain Fv fragments fcr phage 
rfiLlav The library of 10* phages was panned with a 

serum albumin (BSA) , and phage isolated that enco 
fragments with specific binding activity to phOs BSA. 
an/with affinities to phOx-gamma-aminobutyric acrd 
.phOs-GABA. in the micromolar range. Compar^sonof 

,5 twenty one clones with unique sequences showed that the 
^Zro "immune response- to the hapten was largely 
SsSSed to the V H 26 segment (V H 3 family,' with » 
invariant aromatic residue (Tyr. Phe. Trp, at resxdue 
cf CDR3. The use of V-genes rearranged ffl vitr o may 

20 a lowthe design of antibody libraries biased towards 
rhe binding of antigens of Known structure, and the 
Mention of therapeutic human antibodies with reduced 

^^variable domains consist'of a p-sheet 
2S framed with three loops of hypervariable sequence or 
CDRsS. The loops create antigen binding sites of a 
variety of shapes, ranging from flat surfaces to 
p^ets*. For human heavy chains, the sequence 
diversity of the first two CDRs are encoded by a 
30 ^ertoire of about fifty germ line v„ segments. {I.H. 
30 repertoire generated 
Tomlinson et al., supra). The tiu.ro 
from the recombination of these segments wrth about 
^ty D and si* a segments', and although its sequence 
rhilhly variable, it often includes 
35 AsplOl of the loop to Arg94 of the frameworK 

structures and lengths of the first two CDRs are 
re r™al0,ll, but ,hose of CDR3 differ' greatly, with 
lengths ranging from 4 to 25 residues . 
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A library was created of rearranged V H genes with a 
CDR3 of eight residues including AsplOl, in combination 
with a single Vlambda (ref.12) light chain. Forty nine 
germ line V H segments encoding most of the human V H 
repertoire (Tomlinson et al., supra) were each amplified 
using the polymerase chain reaction 13 and 
oligonucleotide primers that introduce a synthetic D- 
segment (of 15 bases of random sequence at the 3' end of 
the V H segment) and a J-segment, together encoding a 
CDR3 loop of eight residues (Fig.4). The rearranged 
segments were pooled and cloned for phage display with a 
human Vlambda3 light chain, creating a synthetic library 
of 10 7 phage clones. Like the immune system, the 
synthetic library of 10 7 phage clones can tap only a 
15 small fraction of the potential diversity. Thus the 

diversity is potentially 49 x 32 5 = 1.6 x 10* different 
nucleotide sequences, or 49 x 20 5 = 1.6 x 10 8 different 
amino acid sequences. 

The library was subjected to four rounds of growth 
and panning on phOx-bovine serum albumin (BSA) coated 
tubes, and clones screened as soluble 14 single chain Fv 
fragments 15 ' 16 for binding activity to phOx-BSA by 
ELISA 4 . After the third and fourth rounds, 14/96 and 
61/96 clones respectively were identified with binding 
activities to phOx-BSA and of these (29 tested) none 
bound to other proteins (see legend Table B). 
Furthermore their binding to phOx-BSA coated plates 
could be competed with the soluble hapten (Table B). 

Sequencing revealed that many (21/29) of the phOx 
binders were unique, with an eight residue CDR3, and 
utilised either a segment from the V H 4 family, or one of 
three segments from the V H 3 family (Table B). Together 
these segments use three of the seven "canonical" folds 
available to the first two hypervariable loops of human 
35 V H segments. (C. Chothia, et al., supra). The majority 
of the unique clones (16/21) were derived from the VH26 
segment 6 and have related sequences in the third 
hypervariable loop: in this group the first residue 
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tends to have a branched aliphatic side chain (15/16), 
the second residue tends to be lysine or arginine 
(11/16), while the fourth residue is always an aromatic 
residue (most frequently tyrosine). 
5 The affinities (K d ) of two of the stronger binders 

(Ox 13 and Ox-31, Table B) for phOx-GABA were determined 
by fluorescence quench titration*? as 3.1 ± 0.2 uM and 
6 7 + 0.7 uM respectively. Although the synthetxc 
antibody library lacks the diverse VH-CDR3 lengths and 

10 the different light chains of antibodies made invxvg, 
the affinities for phOx-GABA compare with 0.5 uM for a 
(phage) antibody made from unimmunised human donors , or 
luM for several hybridomas from a mouse primary immune 
response" (but see caveat, Table A legend). To improve 

15 these affinities, one could systematically alter (see 
below) the many different phOx antibodies selected 

(Table A). . 

in principle, the use of phage display libraries of 
V-genes rearranged in vitro offers an attractive 

20 alternative to those rearranged in_vivg*. Firs tly the 
framework regions and first two hypervariable loops of 
both heavy and light chains of the synthetic human 
antibodies created from the library are essentially germ 
line. This contrasts with the -primary- phage 

25 antibodies tapped from human V-genes rearranged in_vxvo, 
in which the extent of somatic mutation varied widely . 
Leaving aside polymorphism, the VH gene segments are 
identical in different individuals, and the synthetic 
antibodies are potentially less immunogenic. By 

30 altering the lengths and sequences of the heavy and 
light chain CDR3 loops, or by localising the minimal 
mutations in the other CDR loops, or by shuffling with 
synthetic "germ line" light chains^, 20 it may be 
possible to improve their affinities while retaining 

35 their germ line character. 

Secondly both kinds of libraries are highly biased, 
in the "natural" libraries, the bias is outside our 
control, and is imposed for example by allelic 
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variation, deletion polymorphism and deletion of self- 
reactive clones, in the synthetic library, the bias can 
be introduced systematically. Here for example, all the 
VH-gene segments, were chosen and thereby the folding of 
the first and second hypervariable loops: also fixed 
were the length and diversity of VH-CDR3 and the light 
chain. Although several ways of making diverse 
synthetic libraries have been suggested 2 , it should also 
be possible to incorporate design principles into the 
encoded structures. If the shape of the antigen were 
known, an envelope of roughly complementary binding 
sites might be designed and built with defined V-gene 
elements. Use of such "designer" libraries would favour 
the isolation of antibodies with higher affinities. 

Table A 



Family 



No. of 
genes 



VH segments" 



Library size 
x 10" 6 (%) 



20 



25 



30 



35 



V H 1 

V H 2 
V H 3 

V H 4 

V H 5 
V„6 

Total: 



14 



23 



1-5,7,8,10,12, 
14,15,20,21,25 

27 

29-33,35,38-40, 
42,44-54,58,59 

63-71 

73 

74 



49 



2.3 ( 20 ) 

1.0 (9) 

2.1 (19) 
2.6 (23) 

1.4 (12) 
1.9 (17) 

11.3 (100) 



*for simplicity V H segments are listed according 
DP nomenclature of Tomlinson et al., supra. 
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Vtare used one for each of the V„2. V H 5 and V H 6 
supra) were usea, o other three 

3 ene relies and ^"'^^J^ c L,nes from 
>«n<iies and cloned according to family, 
families, ana checked for presence 

the V H segments of each Y a single 

insert (on average 85%) ana pw 

i^rerv as in Table B. creating a (controlled) 
large library as in Ta s eg»ents from the 

hiss for certsin gene families, ine y 
V 2 V„5 V H 6 families are thereby -overrepresented 
JZL respect to the segments fro. other families. 

!nl of thirty five clones from the unselected 
S^nfLTIt V H segments from each family were 
Resent and that the nucleotides were present in the 

«ed ratios in the D-segment. but with a slight bias 
TTJ'Z first and second position of each codon. 
f 2l' 3 % G 17.9%; C33.7% and T, 27.1*; at the third 

O 42 6% and T. 57.4%). The expression levels 
r/r^ody fragments were also ~« 
segments were identified in clones „» etec- 
expression levels, for example V H 1 (DP 7) „ 

.- .i, 1-? 51 53) V»4 (DP-63,69), V H 5 lur 
V H 3 (DP-29,35,38,44,47,51,53), v H 

73) and V H 6 (DP-74). 

^e clones were checked for presence of insert £ 
• PCR-screening^l with oligonucleotides LMB3 and pHEN 
^ (r^, and seguenced from double-stranded OK, by 
t*. dideoxy chain termination method* 
oligonucleotide ,C-- |« ^^fcT 
om (The numbers in the tables are cor 
insert . Expression of soluble scFv fragments was 
by spotting ICpl supernatant .induced 

^rsTTlter ^ st^! bllt device .inifold 
"Schleicher and Schuell). and detecting the bound 
PeptS-tagged scEv fragments with 9E10 antibody* and 
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peroxidase labelled anti-mouse antibodies (Sigma). 
Table B 

5 Clone Family Germline Canonical Loop I50* 

structure* 



10 



30 



gene* 

Ox-31 V H 3 DP-42 



1-1 26 



0.-15 V H 3 DP-45 1-1 > 300 

0.-18 « ' \ >3 °° 

Ox-33 V H 3 DP-47 
0x-13 



1-3 20 
50 



15 0x-9 
Ox- 7 
Ox-30 
Ox- 12 
Ox- 5 

20 Ox- 3 

Ox- 20 
Ox-21 
Ox-4 
Ox-10 

25 Ox-14 
Ox- 19 
0x-25 
Ox-27 



Ox-1 



80 
86 
86 
86 
100 
125 
125 
125 
130 
150 
180 
250 
>400 
11 



c , t^t, 2-1 >400 

0x-2§ V H 4 DP- 67 

" >400 



* Tomlinson et al., supra, Chothia et al., supra. 

* in uM, according to competition ELISA with 
35 phOx-GABA. 

§ shows V67A mutation in FR3. 
1f Not determined. 
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library 

Phage were P-P-d from the l^ary >y -one VCS- 
5 « and suhjected to rounds of panning xn phOx « 

coated tu.es as in ref.4 ~ D P- 
hindin* to phO* reveaxed four ge^ UneJK _^_ 47 ^ 

42.45,47 (VH3 family) and DP 67 (TO 

Identical to VH26 (raf.6. corrected in ref^ ). 

10 DP . 4 2. D P-4S an, PP-67 only differ in on or a ew 
framework residues free 8-1B (ref.25), « 2 <r 
OT 4.22 Cref.27, respective^ C ones « 
unselected lihrary using the ^ „ phox . 

the characteristic pattern of CDB3 did 

IS Of the 21 phO* hinders tested^ —£22 

BSA ' t^n Tho-U^eeocyanin or turkey egg 
thyroglohulin. keyhole 11 P ^ ^ 

white lysoryme. Four clones that ooun 
to Phox) were found to he contaminants (»BSA3 



20 from ref.4). 
Methods 



25 



30 



fs in ref.4. The relative « ~ T 

fragments were determined hy BEthylene 

seri al dilution of -^^"rrc^centrations 
2- P henyl-o*arol-S-one <phO*-GM»>. wi ^ 

_ »- aoOuM was made in 4* Marvex r-o^, 
tanging from 6 to 400*. „ of ph0x . GABA 

scFv supernatant added, me 

Siting in a SO, reduction of the «»>/~ 
bln ding to phOx-B* . was ££J^\_ determined hy 
clones Ox-13 and Ox 31 f P purified hy the 

florescence guench rratio ^ ^ ^ 

c-myc tag (ref.4). Ideaxxy, „ irect ly or that 

~ «- r-r^S^S lere to 
for phOx-caproic acid, but phox 

. ,44-k the hvbridoma data of ref.iu. lw 
allow comparison with «^*br conjugat a. or 

affinities of the -"^^ „ ^ better than those 
for phOx-caproic acid are likely 



65 

measured for phOx-GABA. 
(see text) 

Methods _ cvMLIBl (see Table IV) 

A synthetic oligonucleotide SYNLIBl (s 

ntroduced a D-segment with a five residue random anuno 
^T^L, a "-segment and an g»I restriction site, 
to the T end or each of 49 human V H germlin, -events 
(T omlinson et al.. supra, ~ 
polymerase chain reaction" with a V H family 
primers (VHBACK, incorporating an Ncol site 
LvHlBackSfi to HuVH6BackSf i. Each V H segment clone 
(provided as single stranded template in H13 vector) wa 
^plified separately at SVC for 1 mln. 50-C for 1 mm. 
and 72-C for 1.5 min, for 25 cycles, on a PHC-3 
therlcyclar (Techne,. Each amplification was checked 
^ electrophoresis on agarose gel. and similar amounts 
of DNA from V H segments of the same family were pooled 
digested with Ncol and Xhol. and cloned into t* .vector 
JLi (ref.14. carrying a rearranged VlambdaS light 
Lin variable domain ( IGLV3S1; ref .12) taken from a 
scFv fragment binding to BSA 4 . 

If instead of a random oligonucleotide, an 
oligonucleotide encoding a CD*, eg from a rodent were 
usee, this would imprint that non-human CDR on the 
product synthetic human library. 
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, ^clone encoding an antibody fragment specific for 
tumour necrosis factor-a was isolated fro™ a germ line 
. , This library was prepared as 

human synthetic library. This li y Qtlde 

described in example 5, except that the ongon 
descriDeo , cvmiibi so that a 5 amino 

SYNLIB2 was used in place of SYNLIB1. 
0 acid V„ CDR3 was generated. The library was panned 
" against tumour necrosis factor-a, as described xn 
example 1 for the library derived from unimmumsed 
humans. After four rounds of panning a phage antibody 
(and corresponding soluble fragment) was isolated 
5 binding activity to TNF. The V„ region of the scFv 

fragment ( aTNF-10 ) was derived from the VH segment OP-45 
(Tomlinson et al. 1992. supra,. The hapten binding 
clones ONXP-6, oHXP-12. oOx-iS and oOx-18 are also 
derived from this segment, although each of these 
20 fragments were nevertheless specific for 

hapten or TNF. This indicates that antigen *»««*»"■• 
with entirely different specificities can be created on 
the same antibody framework by substitution of 
a^one. Binding to non-specific antigens was assessed by 
25 ELISA as described in example 1. 
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SSE una hi s ynthetic ir°r j 

A germ line human synthetic si 9^ manner to 

fragment l^arv was prepared ^ » ^ \^ m 
the librery in Example 5 to rnclud g ^ m 

segments ana synthetic OH and » regie ^ single 

10 CDH3 regions of ^ ^ ^ provided. This 
germ line rearranged light c 
phage library has been used as a 

fragments with anti-human (Tomlinson et el. 

Fi£ty ge rm line^ene V „ ith 
15 1991 supra, as „ ^ampleS^we ranoomi sed 
oUgonucleotides to introduce a c J . 
CDR3 varying in length from 4 to 1 ires ^ 
. first PCK-reaction, each gene w* amp lifi ± ^ 

family specific VHBACK-primer at the 

20 vH6BACKSf i; Marks et al. 199 P ^ ^ ^ Qf ^ 
5 . end. end. annealing atth _ ^ (Table 

oligonucleotides of the serxe ^ ^ ^ 

IV ). The PCR contained 2.5 pmol o reaction 
appropriate pair of lOmM (HH4)2 S0 4- 

25 ^ containing 250p« ~£ ^ BSR and lpl ,1 

Tt,^ ^polymerase <Cetue> ^ - 

lpl cf a bacterial^ ^M*^. lin9 V gene, 

phage clone encoding the apP P s5 . c for x 

30 The amplification cycle was 94^ ^ ^ o£ 

Bi n and 72-C for 1.5 mxn Qf JHSM< 

the same VHBACK oligonucleotide^ P ^ ^ 

(T able IV, was added, and the PCR » and of 

appropriate sire was se- . ^ - £ ^^s 
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15 



wlth NCOX and Sail, and cloned into J^I^oI-cu* pHEHl- 

L tiL way. 9 libraries (each with one particular CDH3 
length) were made, each containing between 5 * 10 
5 x 10 7 clones. 

Se lection 

rtaae was prepared from the nine different 
varies by rescue with VCS-H13 as described in Example 
10 Thage from the nine individual libraries was m^ed 

to give one large library and subjected to panning on 
one of each of 2 antigens: Immunosorp tubes were coated 
with 0AK3 (human anti-Rhesus D antibody, IgG3 k) 
overnioht in carbonate buffer (0.1 M NaHC0 3 . pH 9.6 at 
Z /«!, or human thyroglobulin (coated at 100ug/ml in 
PBS ). selections were performed as in Example 3. 

§SS lS, was performed as described in Hoogenboom et 
al. 1991 supra. ELISA plates were coeted overnight with 
OAKS at lOOpg/ml in PBS at room tempera ture or with 
human thyroglobulin at 100pg/ml at room temperature. 

BSSSi S t er four rounds of selection on 0AK3-coated 
tubes, eluted phage was used to infect HB2151 and 
soluble scEv fragments analysed for E ^ 
59/96 clones were scored positive in the 0AK3 ELISA. 

The germ line human synthetic library was also 
subjected to: 5 rounds of selection on human 
thyroglobulin coated tubes. 80/96 clones were found to 
^positive in a phage ELISA of individual clones 

rpscued with VCS-M13. , . _ 

Two of each of the positive clones were analyse* in 
ELISA for binding against a range of antigens ( OAK3 , 

, v. t •« nhOx-BSA NIP-BSA, BSA, ovalbumin, 
human thyroglobulin, phOx BSA, nx 

chymotrypsinogen-A, streptavidin, cytochrome cKLH, 
tuLyTgg-wbite lysosyme). The two OAK-3-binding 



20 



25 



30 



35 
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inble scFv fragments) both gave signals 

ET^ Zo thyroglobulin binding clones (as scPv 
0AK3. The -cwo i signals 
^ jj 0 niaved on phage) both gave a y 

5 appreciably 5 fo „ ere found to be 

^lobuiin-BL ». ^ Mhich th ey baa 

highly specie tor » ^ ^ 

-err;: n : - - - 7 

anu.no add residues, 
clones both use a CDR3 leng binding to a human 

Hence, antibody scFv «^ b ^ B have be en 
mon oclonal antibody and a human ^ ^^^ 
20 isolated from a human germ line synt 
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"gf^ - ^ « ipoerln^^ 



of tte interl- """-! receptor rt „ ived 

The llbrar y of single chain Fv fragments derrved 

5 from an unimmunised human that was described in Example 
1 is used to select antibodies which will trrgger the 
activity of the interleukin-1 receptor. Antibody 
"Igmel are first isolated which bind to the soluble 
external domain of the interleukin-1 receptor (IL-1R) of 
10 T cells. Antibody clones that are thus identified are 
then analysed in assays for interleukin-1 type 
biological activity. The IL-1R on murine and human 
cells is a highly homologous 80kD cell surface 
glycoprotein which binds both interleukin-la and 
Interleukih-lp. A cDNA clone encoding the N termrnal 
316 amino acids of the murine receptor external domarn 
has been expressed in HeLs cells (S.K. Dower et al. J. 
Immunol. 142 4314-4320 1989). The soluble IL1-R 
molecule thus expressed has been purified and shows 
binding properties indistinguishable from the full 
lUth IL-IR molecule, a complex being formed between a 
single soluble IL1-R molecule and 1,-1. Thrs soluble 
receptor molecule binds to human interleukin-1. The 
human T cell interleukin 1 receptor has been cloned and 
25 sequenced by J.E. Sims et al (Proc. Natl. Acad. Sex USA 
86 8946-6950. 1989). The soluble external domarn of the 
human IL1 receptor, amino acids 1 to 316. is expressed 
iHeLa cells and purified as described for the murine 

receptor. . 

The rescued unimmunised human library is first 
selected against the recombinant human soluble IL-1 
receptor, corresponding to the external domarn of the 
IL -1 receptor. Immunotubes are coated with the soluble 
!L-1 receptor as described in Example 1 at lOpg/ml and 
panning is performed as described in Example 1 for a 
total of four rounds of affinity selection. 

Clones binding to soluble IL-1 receptor are 
characterised by ELISA using microtitre plates coated 
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30 



i Ki« TT.-1 receptor at 10ug/ml as 
wi th recombinant soluble XL 1 rec P fragrae nts 
^ ^r-- TNF-a in Example 3- ^ uuu * 

chosen for further study. 

Antibody clones isolated in this way are then 

T „„ 1u ble scFv fragments in E.Coli and 
expressed as soluble scFv gm affinity 
purified as described rn Example * y „ sessea 
chromatography. Binding to human receptors is esse 
using binding of ^I-labelled antibody fragment 

interleukin-l receptor basxcaxxy 

i -5-5 1-221-1227 1992) for 
*t- al (Eur. J- Immunol. 22 12Z1 x^/ 

et al l*ur. I^Sj-ilio for the receptor 

that show receptor binding are used in a bxologxcal 
that snow cells to examine 

screening assay using human epithelial cells 
" -stimulation of synthesis - P-staeyc- ^ 

and platelet activating factor (PAF) as ae 

and pxare 1987). These studxes 

zr^ss «— -~ -~ we 

activity can be quantified relative to human 
interleuKin-la using a standard bioassey fortt £*« 
example proliferation of the 010S he Ipe, £ »- 
— g 3H-thymidine corpora - S.r 
Dinarello cytokine 1 14-22 1989) or 
proliferation assay as described by A.J- Gearmg 
(J. Immunol. Methods 99 7-11. 1987). 



WO 93/11236 



PCT/GB92/02240 



75 



Table I Frequency of binding clones isolated from the 
unimmunlsed scFv library after selection 



Antigen 



Rounds of selection 



4 



No. of 
unique 
clones 



Thyroglobulin 
( bovine ) 

Thyroglobulin 
(human): selected 
on bovine 

Fogl (human IgGl, 
k antibody) 

TNFa ( human ) 

CEA (human) 

MUC1 (human): 
selected with 
peptide 

rsCD4 (human) 



18/40 



10/40 



122/1920 83/192 
0/96 



94/96 
92/96 
1/96 2/96 

0/96 2/96 
8/96 



12 



4 
7 
1 

1 
1 



The ratios indicate the frequency of binding clones after each 
round of selection. Phagemids were rescued with M13DgIII 
helper phage, except for the CEA, MUC1 and rsCD4 selections, 
where VCS-M13 helper phage was used. 
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*«nilv n ling Privation an d extent_of 

°"^tic hypprmuta-fcion oi , ; ' irtd librei 



SCFv 



Family 



Germline 
gene of 
closest 
nucleotide 
sequence 



Differences from germline 



Nucleotide Amino-acid 



HEAVY CHAINS 

aThy-23 
aThy-29 
aThy-32 
aThy-33 

OF0G1-A3 
OF0G1-A4 
OF0G1-H6 
aF0Gl-G8 a > 



aTNF-Al 
aTNF-El 
aTNF-E7 
aTNF-H9Gl 

aCEA4-8A 
aMUCl-l a) 



OCD4-74 



VH3 
VH1 
VH3 
VH3 

VH3 
VH3 
VH3 
VH4 
VH5 



VH3 
VH3 
VH1 
VH1 

VH1 
VH1 

VH1 
VH5 



DP-47 
DP- 14 
DP-31 
DP-49 

DP- 54 
DP-46 
DP- 51 
DP-63(FR1) 
DP-73(CDR1 

to FR3) 

DP-50 
DP-46 
DP-10 
DP-4 

DP-14 

VI -2 (FR1 

to CDR2) 
DP-25(FR3) 
DP-73 



13 
0 
5 

32 

7 
7 

10 
2 

15 



9 
14 
0 
1 

1 
2 

0 
13 



8 
0 
2 
19 

3 
7 
4 
0 
7 



6 
6 
0 
1 

0 
0 

0 
8 



LIGHT CHAINS 

aThy-23 
aThy-29 
aThy-32 
aThy-33 a > 



OFOG1-A3 
OF0G1-A4 
OF0G1-H6 
OF0G1-G8 



Vkl 

V 3 

V 1 
Vkl 
Vk4 

V 2 
Vkl 
Vkl 
Vkl 



L8 

IGLV3S1 
IGLV1S2 

L12(FR1 & CDR1) 
B3(FR2 to FR3) 

VL2.1 
04 
L5 
L8 



20 
0 
1 
6 
5 

16 
25 
36 
27 



9 
0 
1 
3 
5 

9 
12 
17 
14 
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scFv 



Family 



Germline 
gene of 
closest 
nucleotide 
sequence 



Differences from germline 



Nucleotide Amino-acid 



LIGHT CHAINS 










aTNF-Al 
aTNF-El 
CXTNF-E7 
CCTNF-H9G1 


Vkl 
Vkl 
Vkl 
V 1 


Lll 

L5 

Lll 

IGLV1S2 


12 
5 
17 
18 


8 
5 
8 
9 


aCEA4-8A 

aMUCl-1 

aCD4-74 


Vkl 

V 2 

V 1 


02 

VL2.1 
HumlvlLl 


4 
18 
23 


0 
12 
17 



References for all the heavy chain germline genes can be 
found in Tomlinson et al. (1992). The references for the light 
chains are VL2.1 (Brockly et al. 1989); IGLV1S2 (Bernard et al. 
1990); IGLV3S1 (Frippiat et al. 1990); L8(Vd) and L5(Vb) (Pech 
et al., 1984); L12(HK102) (Bentley and Rabbits, 1980); B3(VKIV) 
(Klobeck et al., 1985); 02 and 04 .(Pargent et al., 1991); Lll 
(Scott et al., 1991); HumlvlLl (Daley et al., 1992). 
Alternative names are given in parenthesis. 

a) These genes appear to have been created by cross- 
overs between two V-genes during PCR amplification and 
therefore matches have been determined using the two putative 
germline segments: FR, framework; CDR, complementarity- 
determining region. 

Bentley, D.L. and Rabbits, T.H. (1980) Nature, 288, 730-3. 
Bernard, F. , Chuchana, P., Frippiat, J. P., Buluwela, L. and 

Lefranc, M.P. (1990) Nucleic Acids Res, 18, 7139. 
Brockly, F., Alexandre, D. , Chuchana, P., Huck, S., Lefranc, G. 

and Lefranc, M.P. (1989) Nucleic Acids Res, 17, 3976. 
Frippiat, J. P., Chuchana, P., Bernard, F. , Buluwela, L., 
Lefranc, G. and Lefranc, M.P. (1990) Nucleic Acids Res, 18, 

7134. 

Klobeck, H.G. Bornkamm, G.W., Combriato, G., Mocikat, R. , 
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H G (1991) gig - 1 ln»"" 01 - 21 ' , p s 

» Lu „ p Pohlenz, H.D., Neumaier, F.S., 
Pach. M. , Jaamchen, H.R., i?6 _ 18 ,. 204 . 

Klobeck, 8.0. ana Zacbau '^^—^ ^ Schable , 
soo«. K-G.. cri^ns, * ' »<^ u a„a Nab*. H.B. 

K.F., Thiabe. R.. Quenael. E.M., zacn 

(1991) OH^«. J.D. r Uaualyn. «.». ana 

Tomlinson, I.M. Walter, * 

Winter, G. (1992) iMol^iol- , 227, xn press. 
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Table IV oli gonucleo tides used 
SYNLIB1 : 



SYNLIB2 : 

SYNLIB4 : 

SYNLIB5 : 

SYNLIB6 : 

SYNLIB7 : 

SYNLIB8 : 

SYNLIB9 : 

SYNLIB10 

SYNLIB11 

SYNLIB12 

JHSAL : 

CDRFOR : 
CDRBACK : 



CAC GGC CGT GTC-3 ' 
GTC-3 ' 

5 1 -GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)4 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 

5.-GAC CAG GGT ACC TTG GCC CCA ( ( A/C )NN ) 5 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 

5--GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)6 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 

5' -GAC CAG GGT ACC TTG GCC CCA C(A/C)NK)7 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 

5--GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)8 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5' -GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)9 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3* 

5'-GAC CAG GGT ACC TTG GCC CCA ((A/C)NN)10 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3' 

5' -GAC CAG GGT ACC TTG GCC CCA ( ( A/C)NN)11 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 

5'-GAC CAG GGT ACC TTG GCC CCA ( ( A/C)NN)12 TCT TGC 
ACA GTA ATA CAC GGC CGT GTC-3 

5 .- GCC TGA ACC GCC TCC ACC AGT CGA CAC GGT GAC 
CAG GGT ACC TTG GCC CCA-3 T 

5'- CAG GGT ACC TTG GCC CCA-3' 

5'- GTG TAT TAC TGT GCA AGA-3' 



Human VH Back Primers 

*< GTC CTC GCA ACT GCG GCC CAG CCG GCC ATG GCC CAG 
HuVHlaBACKSfi GTG CAG CTG^TG CAG TCT GG-3 • GCC CAG 

HuVH2aBACKSfi 5 ' -GTC CTC GCA ACT GCG GCC^AG CCG GCC ATG 

GTC AAC TTA AGG GAG TCT W» *> GCC GAG 

xx <n« a t,ACKSfi 5' -GTC CTC GCA ACT GCG GCC CAG CCG GCC Ai^ 
HuVH3 aBACKSf i 5 O m QAG TCT GG-3' 

c, n-r CTC GCA ACT GCG GCC CAG CCG GCC Alt» ^ 
HuVH4aBACKSfi J^^**,^ TCG GG-3- ^ m „ 

m.VH-iaBACKSfi 5 ' -GTC CTC GCA ACT GCG GCC CAG CCG GCC ATI, 
HuVH5aBACKSf 1 GTG^CTG^CAG^T^-^ ^ ^ RTG « „ G 



HuVH6aBACKSfi 



5 1 -UIV^ wAw ww.- - 0 , 

GTA CAG CTG CAG CAG TCA GG-J 
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CLAIMS: 

1. A method of obtaining a member of a specific binding 
pair (sbp member), the sbp member being an antibody or 
antibody fragment and having an antigen binding site with 
5 binding specificity for an antigen which is a self 

antigen of a species of mammal, the method comprising: 

(a) providing a library of replicable genetic 
display packages (rgdps), each rgdp displaying at 
its surface an sbp member, and each rgdp containing 

10 nucleic acid with sequence derived from said species 

of mammal and encoding a polypeptide chain which is 
a component part of the sbp member displayed at the 
surface of that rgdp; 

(b) selecting, by binding with said self antigen, 
15 one or more sbp members with binding specificity for 

said self antigen. 
2. A method according to claim 1 wherein said providing 
a library of rgdps comprises: 

combining ( i ) a first polypeptide chain component 

20 part of an sbp member fused to a component of a rgdp 
which thereby displays said first polypeptide chain 
component part or population thereof at the surface of 
rgdps on expression in a recombinant host cell organism, 
or a population of such a first polypeptide chain 

25 component part fused to a said component of a rgdp, with 
(ii) a second polypeptide chain component part of an sbp 
member or a population of such a second polypeptide chain 
component part, to form a library of sbp members 
displayed at the surface of rgdps; 

30 at least one of said first or second polypeptide 

chain component part or populations thereof being encoded 
by nucleic acid which is capable of being packaged using 
said component of an rgdp. 

3. A method according to claim 1 werein said providing 
35 a library of rgdps comprises: 

combining (i) nucleic acid which encodes a first 
polypeptide chain component of an sbp member fused to a 
component of a rgdp or a population of such a first 
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polypeptide chain component part fused to a component of 
fr^p! with <"> nucleic acid encoding a second 
peptide chain component part of an sbp member or a 
Ration thereof, to for, a library of 
5 nucleic acid of said library heing capable of bexng 

packaged using said component of an ^ 
expressing in a recombinant host organism «*f»^ 

+. nar t fused to a component ot 

polypeptide chain component part fused r rtlvneDtide 
a Zp or population thereof and said second polypeptide 
a rgdp or p op ^ ^ population 

^surface an shp memher and containing nucleic acid 
elding a first and a second polypeptide chain component 
part of the sbp .ember displayed at its surface 
t5 4 A method according to claim 1. 2 or 3 wne 

said shp memher displayed at the surface of an rgdp is an 

antibody fragment comprising a V H domain and a J Remain. 

5. * method according to claim 2 wherein bothsald 

first and second polypeptide chain component parts or 
20 populations thereof are expressed from nucleic acid 

Lpable of being packaged using said component of an 

T\ method according to any preceding claim wfcerein 
each said sbp member displayed at the surface of an rgdp 

or is an scFv antibody fragment. 

; A method according to claim 2 or claim 3 wherein 
said second polypeptide chain component part °* 
nation thereof Is encoded by «--~ 
from nucleic acid encodxng said first poxyy y 

<*n component part or population. 

T A method according to claim 1 or claim 7 

1* said sbp member displayed at the surface of an rgdp 

is an Fab antibody fragment. 

9 A method according to any one of the preceding 
35 claims wherein the nucleic acid is derived from 
rearranged V genes of an unimmunised mammal. 
10. A method according to any one of claims 1 to 8 
wherein the nucleic acid is derived from a library 
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prepared by artificial or synthetic recombination of V- 
gene sequences. 

11. A method according to claim 10 wherein the library 
is derived from germ line V-gene sequences. 
5 12. A method according to any one of the preceding 
claims wherein said species of mammal is human. 
13 A method according to any one of the preceding 
claims wherein sbp members selected in (b) displayed at 
the surface of rgdps are selected or screened to provide 
10 an individual rgdp displaying an sbp member or a mixed 
population of said rgdps, with each rgdp containing 
nucleic acid encoding the sbp member or a polypeptide 
chain thereof which is displayed at its surface. 
14. A method according to any one of the preceding 
15 claims wherein nucleic acid which encodes a selected or 
screened sbp member and which is derived from an rgdp 
which displays at its surface a selected or screened sbp 
member is used to express an sbp member or a fragment or 
derivative thereof in a recombinant host organism. 
20 15. A method according to claim 14 wherein nucleic acid 
from one or more rgdps is taken and used to provide 
encoding nucleic acid in a further method to obtain an 
individual sbp member or a mixed population of sbp 
members, or encoding nucleic acid therefor. 
25 16. A method according to claim 14 or claim 15 wherein 
the expression end product is modified to produce a 
derivative thereof. 

17 A method according to any one of claims 14,15 and 16 
wherein the expression end product or derivative thereof 
30 is used to prepare a therapeutic or prophylactic 
medicament or a diagnostic product. 

18. Use, in a method according to any one of the 
preceding claims, of a kit comprising a library of 
nucleic acid sequences capable of being packaged in rgdps 

35 and which encodes a polypeptide chain component part of 
an antobody for display at the surface of rgdps. 

19. Use, in a method according to any one of claims 1 to 
17, of a kit comprising a library of rgdps each 
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-. •„ a nfl encoding at least one polypeptide 
containing nucleic acid encoding a. 

chain component part of an antibody. 
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